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EDITORIAL

The heartblood of the South African economy and for many South African cultures is livestock farming. It’s 
an industry that is earthy, hardworking and worth millions of rands. And one that is greatly overlooked in 
favour of more glamorous roles. Yet this industry is under threat and has been for many years. Alterations to 
the natural environment for farming has brought wild animals, particularly predators, into conflict with farmers 
and this is in no place clearer than in livestock farming. In this special issue we have seven papers dedicated 
to investigating conflicts between mesopredators (Caracal and Black-backed jackal) and farmers. The papers 
here look at the history of this problem, some of the underlying mechanisms that are driving the conflict, its 
intrinsic costs and ways in which to mitigate some of the damage. It is a volume that has taken a great deal of 
work to put together and has been the brainchild of the National Museum’s Dr Nico Avenant and Prof HO de 
Waal of the University of the Free State. And it is a volume with important findings both for the South African 
agricultural community as well as international readers who might be struggling with similar problems in their 
own countries. 

It has been my great honour to work on this special issue and to act as Editor in Chief (however briefly) for 
Indago Journal. And while this will be my last issue I look forward to seeing many more Indago publications.

Dr Brigette Cohen

Editor-in-Chief
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Introduction

Depredation and its effects have a 360-year written history in South Africa. Today this dilemma has nationwide 
implications for food security, job losses and in the large, predominantly small stock farming areas, socio-
economic decay. It is also expected to have inferences for biodiversity conservation and ecosystem function 
over >60% of South Africa’s land area. Since the early 2000s the situation has appeared to be out of control: 
total direct losses are claimed to be exorbitant and appear to be on the increase. Some individual small stock 
farmers reportedly loose >15% of their total flock every year, and upwards of 70% of their annual increase, 
despite spending considerable amounts of money on efforts to combat the problem. Already by 2006 the 
National Wool Growers Association and the Red Meat Producers Organisation estimated that the wool and 
the red meat industries loose, respectively, more than R200 million and c. R600-900 million per annum to 
predation alone; while the Endangered Wildlife Trust’s Poison Working Group raised concerns that more than 
500 000 wild animals may be killed every year by poison and traps set for Caracal and Black-backed Jackal. 
Few predation management plans are in place, and uncontrolled predation management still mostly focuses 
on blanket control. Government departments largely remain apathetic, apart from funding towards a predation 
assessment (published in 2018) and farmers are basically left to fend for themselves. Indeed, many farmers 
claim that the situation is now worse than they have ever experienced. The result is that biodiversity in most 
ecosystems in small stock farming areas is under threat, while small stock losses do not decline. 

The impact of all of the above on biodiversity and ecosystem conservation is still poorly understood. Specific 
concerns have been raised on the effect of most of the current blanket control predation management methods 
on the specific damage causing animals, as well as the direct and indirect cascading effects on competitive 
predators, prey species, and the total faunal and floral complement – and therefore the pressure on ecosystems 
and ecosystem functioning.

In southern Africa the mesocarnivores Black-backed jackal Lupulella mesomelas (previously Canis mesomelas) 
and Caracal Caracal caracal are responsible for most small stock (sheep and goat) losses, and increasingly 
they also have a negative impact on the cattle and game farming industries. Culling of Black-backed jackal now 
takes place inside many provincial nature reserves, and even in some National Parks. Following an outcry by 
small stock producers in central South Africa, the Canis-Caracal Programme (CCP) was launched in December 
2004, under auspices of the African Large Predator Research Unit, University of the Free State. This was the 
first comprehensive programme committed to address this multi-faceted, highly complex, debacle in southern 
Africa. It was based on the premise that there is inadequate information upon which to formulate a workable 
control policy. Despite the wide distribution ranges of Black-backed jackal and Caracal very little research had, 
by 2015, been done on them, and virtually none in small stock farming areas. Very little was known on their 
interrelationships, predator densities and demography in different habitats, the actual damage caused by them 
and their value to ecosystems and farming enterprises. Clearly, this paucity of scientific data and information 
had to be addressed to allow a process for formulating practical and effective wildlife management strategies 
and policies, aimed specifically at Black-backed jackal and Caracal. 

The CCP started with the aim to address, through a series of studies, the impact of Caracal  and Black-backed 
jackal on the small stock industry in South Africa, the impact of current vs. advocated Caracal and Black-
backed jackal control measures on our ecosystems, and recommendations from the 1998 “National Policy 
and Strategy for Problem Animal Control in South Africa” document. The ultimate goal was to formulate / 
contribute to a national problem animal control policy. 

To achieve its goals within a reasonable time frame, such projects should rely on a collaborative approach with 
the support of researchers and funding agencies, as well as the Predation Management Forum of South Africa, 
producer organizations, individual producers, the national Departments and their nine provincial counterparts 
tasked with Environmental Affairs and Agriculture, organised agriculture (e.g. Agri SA, South African 
Agriculture, and the National African Farmers’ Union), as well as NGO’s such as the Endangered Wildlife 
Trust. Similarly, collaboration should be negotiated with tertiary and research institutions. Collaboration by 
these role players and stakeholders, and exceptional coordination, are crucial for the success of programs such 
as the CCP. It was at this stage in 2010 where the CCP looked for support from the United States Department 
of Agriculture, Wildlife Services (WS). This is the federal branch of the United States of America (USA) 
government that focuses on and coordinates the management of damage-causing animals, since 1885. WS has 
been conducting dedicated predator control programs since 1914.  
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While depredation is a worldwide phenomenon and concern, the situation in the USA is probably the closest 
proxy to that of South Africa. With their problems with Coyote Canis latrans and Bobcat Lynx rufus in many 
aspects comparable to what South Africa experiences with Black-backed jackal and Caracal. As the USA has 
much earlier gone through the process that the CCP was now embarking on, South Africa now had an open 
invitation to benefit from the WS’s support and experience. To give more perspective: by this time less than 
15 scientific studies had been done on the ecology of the Caracal and less than 30 on the Black-backed jackal, 
virtually all in formal protection areas (≈ none on small stock farms); in comparison, more than 300 such 
studies had been done in the USA on Coyote alone. 

The wider contribution of the CCP in the depredation saga will be discussed in more detail in the final article 
of the Special Issue, Part 2. The papers in this special issue on mesocarnivore predation in South Africa are 
spread amongst two volumes: seven papers in Part 1 (published in Indago Volume 37), and a number of papers 
In Prep. for Part 2 (Indago Volume 39). Specific papers were selected to sketch some of the processes and 
progress of work in the CCP. One of the first stages was laying the groundwork for collecting short to long-
term data for various projects. However, it was equally important to keep “up to date” with the numerous 
challenges that surrounded the predation management dilemma as they developed. Thus, the first paper (by 
HO de Waal) is an updated reflection of the challenges in South Africa. Similarly, it was important to see what 
lessons could be learnt from historical management efforts, and how this could help steer the research process 
(Kruger et al.). Van Niekerk et al. investigated the financial implications of livestock predation across the small 
and large livestock sectors, and on both regional and national levels across a 10+ year period.

By contrast, the paper by Strauss et al. reports on the total financial implications for a typical small stock 
enterprise. This is the first investigation to, not only ground-truth the cause of individual stock losses, but also 
factor in indirect financial losses experienced by producers. The result provides a context for understanding 
why relatively large numbers of farmers sold out, quit farming, or changed to other farming practises (e.g. to 
game farming, farming with large stock, or cut their small stock numbers to an extent where the whole flock 
could be kraaled at night). It also serves as an important reference for social scientists looking into the dilemma 
of job losses and social decay in South Africa’s vast rural small stock areas.

Understanding the feeding ecology and ranging behaviour of carnivores is integral to understanding their role 
in the ecosystem (a question often debated amongst conservation officials, farmers, animal activists and policy 
makers). It can also inform farm and reserve planning, and especially advise general and predation management 
plans. Thus providing a substantial benefit to livestock and game farmers and conservation managers. The 
papers by Avenant & Morwe, and Green et al. provide insight on these topics and as such, contribute towards 
more informed depredation management in agri-ecosystems, game farms and conservation areas. 

The final paper in Volume 37 (by Melville & Strauss) touches on a key aspect of predation management, 
knowing the density of damage-causing animals in a specific area. An understanding of this density provides 
a framework for understanding a number of predation related issues - such as the relative extent of predation, 
the effectiveness of predation management efforts, and the trickle-down effects of those management methods. 
Although all of the examples mentioned above can only be interpreted in association with other variables (such 
as prey and livestock density, distribution and composition, farm size, farm and surrounding farms/reserve 
management and predation control practises), determining the number or relative number of predators remains 
key. Currently the best methods for determining damage-causing animal density are under investigation, and 
the article featured here one of the more practical ones proposed so far. 

Mesocarnivore predation in South Africa – meeting the challenges to food security and biodiversity Part 
2 will continue with papers that expand on the depredation and ecological roles of both Caracal and Black-
backed jackal in small stock farming areas. They will present new management techniques, such as novel 
trapping techniques (using GPS collars to study these illusive animals) and easier and more effective predation 
and cull reporting to a central information centre. The Special Issue will end with a paper that interrogates the 
status of mesopredator management on livestock farms and wildlife ranches in southern Africa. The authors 
will provide a comprehensive review of the scientific literature on Black-backed jackal and Caracal, and make 
recommendations on where to focus in this quest to find a more workable and sustainable way of dealing with 
predation management in small stock farming areas of southern Africa.

Nico L. Avenant and David L. Bergman
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Challenges in predation management – South African historical milestones

HO de Waal

African Large Predator Research Unit (ALPRU), and Predation Management Centre (PMC), and Department of Animal,
Wildlife and Grassland Sciences, PO Box 339, Bloemfontein 9300, South Africa

dewaalho@ufs.ac.za; dewaalho0@gmail.com
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Abstract
South Africa has a long history of human wildlife-conflict; predators and some other wildlife kill and maim domestic and 
wild animals on livestock farms and wildlife ranches. Predation losses are mostly attributed to Black-backed jackals Lupulella 
mesomelas and Caracal Caracal caracal, but vagrant Dogs Canis familiaris also cause losses, specifically near human settle-
ments. This paper explores the history of predation management strategies in South Africa over the last 35 years, looking at key 
advances in combating this problem and highlighting those areas that can be improved. During the previous century, predation 
management was governed with varied levels of official support by provincial ordinances. A process was started in July 1987 
to strategise predation management; the National Problem Animal Policy Committee (NPAPC) was established in November 
1989 and the Problem Animal Control Forum was founded in May 1993. Since 27 April 1994, progress was slowed down by 
major geopolitical changes in South Africa. The initiative of predation management was rekindled in March 2005 when the 
National Forum for Damage Causing Animals was convened to continue the activities that were initiated by the NPAPC. In 
2006 momentum accelerated with the Ganzekraal Workshop. Lessons learnt abroad on coordinated predation management by 
the Federal Wildlife Services (USA) in 2010, were promoted in South Africa. In a separate process, PredSA was launched in 
November 2018. Predation Management South Africa (PMSA), a legal entity focusing on training, legislation, and commu-
nication, evolved in 2019 from the PMF. Strategies to mitigate predation losses were developed over decades, but few were 
implemented, often because of financial limitations. Several initiatives came and went in a way best characterised as an ebb and 
flow. Despite major advances, predation management remains fragmented and uncoordinated.

KEY WORDS: coordinated predation management, damage-causing animals, human-predator conflict, institutional memory.

BACKGROUND AND EARLY HISTORY

South Africa has a long history of human-wildlife 
conflict and there should be no illusion about the 
negative impact of predation losses; predators and 
some other wildlife kill and maim animals on livestock 
farms and wildlife ranches, and wild animals are 
killed in various ways (De Waal 2009). Black-backed 
jackals Lupulella mesomelas (previously known 
as Canis mesomelas, Hilzheimer 1906; Atickem et 
al. 2018; Alvares et al. 2019) and Caracal Caracal 
caracal are most commonly implicated for predation 
losses, but vagrant Dogs Canis familiaris also cause 
substantial losses (Van Niekerk 2010; Badenhorst 
2014), specifically near human settlements. Losses are 
also attributed to Cape foxes Vulpes chama, Leopards 
Panthera pardus, Cheetahs Acinonyx jubatus, Brown 
hyaenas Hyaena brunnea, Baboons Papio ursinus, 
Honey badgers Mellivora capensis and Bushpigs 
Potamochoerus larvatus. Non-target mammal, bird 
and reptile species are frequently killed unintendedly 
during predation control (De Waal 2021).

In 1652 the Dutch East India Company (“Vereenigde 
Oost-Indische Compagnie”, VOC) established a 
refreshment post for merchant seafarers at the Cape 
of Good Hope. According to Stadler (2006) “The 
first records of human-wildlife conflict experienced in 
southern Africa date back to the establishment of the 

first European settlement in the Cape Colony in 1652 
and are recorded in detail in the dairies of Governor 
Jan van Riebeeck.” Predators such as lion P. leo, 
spotted hyaena Crocuta crocuta and brown hyaena “…
(called ‘wolves’ in those days) killed livestock within a 
stone’s throw of the Fort and these animals were even 
considered a threat to the safety of the inhabitants of 
the settlement.” Wild animals destroyed crops and 
livestock and in June 1656 Jan van Riebeeck, the VOC 
Commander at the Cape, introduced a bounty system; 
successive bounty systems were used to address 
human-wildlife conflict by promoting extermination 
of so-called vermin (Stadler 2006).

Vermin commonly referred to any damage-causing 
living creature and, although it was eventually 
abolished from provincial legislation, it persisted 
colloquially (De Waal 2021).

Despite historical records of predation covering on 370 
years (Beinart 1998; 2003; Stadler 2006; Du Plessis et 
al. 2015; Carruthers & Nattrass 2018; Kruger et al. 2021; 
De Waal 2021), South Africa still lacks institutional 
memory on predation management (Bergman et al. 
2013); especially predation on livestock farms (Strauss 
et al. 2021), communal land and wildlife ranches. 
Ideally an institutional memory, namely recorded and 
verbal information on predation management, should 
inform the way forward in South Africa.

Manuscript processed and edited by Brigette Cohen (Editor-in-Chief). https://doi.org/10.38140/00679208/indago.v37.a3
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From the 1950s to the 1990s predator control systems 
and official financial support were in place, but when 
these were withdrawn, activities stopped or decreased; 
therefore, official recording of predator control 
activities became non-existent. Some private predator 
control initiatives were retained as lucrative business 
opportunities for skilled hunters (De Waal 2009).

Provincial ordinances governed predation manage-
ment in the four erstwhile provinces, Cape, Orange 
Free State, Natal, and Transvaal, but the approach 
and levels of official support varied markedly be-
tween provinces.

Cape Province

An ordinance to exterminate vermin in the Cape 
Province first came into effect in 1917, and until 
11 October 1957, was followed by a further three 
ordinances, with 22 amendments (Anonymous 
1977/1978). Early ordinances provided for bounties 
paid on so-called vermin and subsidies to maintain 
the packs of hunt hounds.

A committee investigated vermin extermination 
in 1955, because of increasing dissatisfaction with 
the bounty system and with the large sums paid 
to exterminate so-called vermin. Acting on their 
recommendations, the Ordinance on the Extermination 
of Vermin, No. 26 of 1957, was proclaimed to abolish 
bounties in favour of subsidised hunt clubs, supervised 
by the Department of Nature Conservation, Cape 
Provincial Administration (CPA).

In May 1958, the CPA acquired Vrolijkheid (a 
farm of 2 570 ha, 12 km south of Robertson near 
McGregor) to develop the Vermin Research Farm and 
Hound Breeding Station, Division Problem Animal 
Control of the Department of Nature Conservation. 
The Director, Dr. Douglas Hey, insisted facilities at 
Vrolijkheid must meet relevant requirements, such as 
those used by the Transvaal (TPA) and Orange Free 
State Provincial (PAO) Administrations.

Dr. Hey conducted a four-month tour of the USA in 
1959, which lead to the introduction of the coyote 
getter in South Africa. This was followed by a visit to 
the Cape Province in 1961 from Mr. Allison, a USA 
predator specialist who assisted in adapting American 
predator control techniques, including use of the 
coyote getter, to South African conditions. When an 
animal pulls on the baited-trigger mechanism of a 
coyote getter, it is activated, and a lethal dose of sodium 
cyanide is ejected in its mouth. The first Black-backed 
jackal “killed by the coyote getter in South Africa was 
on the Douglas Gardner ranch, Warwickford, on 21 
April 1961. The jackal had evidently pulled the getter 
the first night after it was set, as the carcass was 
practically decayed” (Allison 1961).

As part of the services provided, the CPA trained 
hunters, conducted research, developed methods 

to exterminate vermin, advised farmers on those 
methods, subsidised the hunters of registered private 
hunt clubs and assisted them with maintaining their 
packs of hunt hounds. The CPA also remunerated 
personnel and maintained three predation 
management centres, Vrolijkheid and two smaller 
facilities at Adelaide (established in 1966) and 
Hartswater (established in 1973).

Dissatisfaction with activities and outcomes of 
predation management in the Cape Province increased 
and predation control was reviewed in 1983 in order 
to develop a prioritised research programme in line 
with the provincial mandate. According to Lensing 
& Vorster (1983) “a total of 39 problem animal 
hunters, Secretaries of Divisional Councils, hunt 
club officials and individual farmers were consulted” 
to draft the Development Programme for Problem 
Animal Research. The report highlighted: (i) Conflict 
of interest in problem animal control policy, namely 
to “exterminate vermin” and the “conservation 
of nature”. (ii) Conservation and control were 
inseparable and should not affect each other; the 
Department should eliminate undesirable practices, 
namely non-selective control methods, injudicious 
use of chemical control methods and payment of 
bounties. (iii) Legislation, perceptions and poor 
communication created a dichotomy in the effective 
and controlled use of chemicals such as strychnine, 
sodium cyanide and sodium monofluoroacetate 
(Compound 1080). (iv) The Ordinance stated 
“subsidy is payable to a hunt club if it employs an 
approved hunter and according to the opinion of the 
Director of Nature and Environment Conservation 
is executing its obligations satisfactorily”; thus, by 
killing several problem animals, a hunt club was 
considered to execute obligations “satisfactorily”. (v) 
The Department had no legal authority to determine 
the need to form a hunt club; therefore, expenditure 
on subsidies was outside its legal control. (vi) Hunt 
reports were not submitted regularly; hunt clubs 
or hunters were not obliged to submit information 
and the Department had to rely on the goodwill of 
persons. (vii) Hunt reports reflected on the activity of 
hunters, but were not a useful means to supervise and 
ascertain if satisfactory services were rendered. (viii) 
The report format should provide more meaningful 
information on predators, selectivity of methods and 
efficacy of hunting. (ix) Hunters were poorly paid 
and less literate persons were employed over time, 
recruited from farm workers with similar low salaries. 
(x) The Department only allowed white hunters to 
be trained to use coyote getters, because the firing 
mechanism was considered a firearm. (xi) Hunt clubs 
used the small subsidies as basic salaries for hunters 
and were unwilling to top them up from their own 
funds. (xii) Poor literacy of hunters impeded training 
in new techniques and advanced technologies; 
therefore, the value of the hunters was questionable. 
(xiii) Poor literacy of hunters impeded insight into 
the ecological value of control versus extermination 
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of predators. (xiv) Lacking transport, hunters were 
ferried by farmers to their next assignments; and 
many hunters worked on foot to set traps on farms. 
(xv) Hunters worked in isolation with little contact 
with other hunters, and there was limited interaction, 
exchange of experience and transfer of skills. (xvi) 
Kennels of hunt clubs were often inappropriate and 
the condition of some hounds poor, but without 
specific instructions to hunters and hunt clubs, 
little could be done. (xvii) Experienced and skilled 
hound trainers were increasingly fully engaged at 
Vrolijkheid and Adelaide and not inspecting the 
kennels and handling of hounds by hunt clubs; the 
officials inspecting the hunt clubs were therefore often 
less experienced and competent than those they were 
inspecting and supervising. And (xiii) The hound 
breeding stations had served their purpose and hound 
sales had declined; ascribed to changes in hunting 
methods after introduction of coyote getters (1960s), 
cage traps for caracal, and hunt clubs breeding their 
own hounds.

The report’s recommendations (Lensing & Vorster 
1983) were heeded, and informed the Problem 
Animal Control Amendment Ordinance, 1984 
(Ordinance 19 of 1984). Essentially the primary 
responsibility for predation management was 
shifted to the livestock farmers. It is not certain if 
the outcomes of such a major change in predation 
policy were assessed.

Orange Free State Province

Organised predator control in the Orange Free 
State (OFS) Province and adjacent area stemmed 
from recommendations made by the Drought 
Investigating Commission of 1922 (Van Rheenen 
1935, cited by Ferreira 1988). During the drought of 
1919, livestock mortalities were attributed to poor 
veld and animal husbandry practices, especially the 
condition of small livestock being kraaled every 
night. The Commission recommended that Black-
backed jackals should first be exterminated before 
farmers would be willing to adopt different grazing 
practices. In some areas, jackal-proof fencing 
became compulsory; subsidised farmers were 
responsible for erecting and maintaining the jackal-
proof fences (Ferreira 1988). Livestock farms were 
fenced over large areas, but with little recorded 
evidence of its efficacy. However, anecdotal views 
suggest that jackal-proof fences played a major role 
in mitigating livestock predation.

Despite this, the damage caused by Black-backed jackals 
persisted and was of great concern, as demonstrated in 
the 1950s by the official subsidising of three large hunt 
associations that had been formed by livestock farmers 
in the eastern, southern, and south-western districts of 
the OFS. Another 34 smaller private hunt associations 
were also active in the southern OFS, operating without 
official subsidisation (Ferreira 1988).

Persistent lobbying by farmers for government 
intervention and more assistance eventually paid 
off. On 6 August 1962, the PAO resolved (with 
effect from 1 April 1963) to: (i) abolish bounties 
for exterminating vermin; (ii) stop subsidising 
existing hunt associations; (iii) only subsidise hunt 
associations operating over an area greater than 
856 700 ha and considered by the Administration to 
function efficiently; (iv) increase the penalty for the 
use of poison; (v) control the use of coyote getters 
and poison to kill vermin and vagrant Dogs; and 
(vi) impose penalties for killing Servals Leptailurus 
serval, Honey badgers, Cape foxes and African 
wildcats Felis silvestris lybica.

When official subsidising of the three large hunt 
associations was stopped, the clubs could not survive 
financially (Ferreira 1988). Furthermore, on 31 
December 1965, the Administrator cancelled the 
registration of all hunt clubs in 36 OFS magisterial 
districts. By the same authority, the establishment of 
Oranjejag (“Oranje-Vrystaatse Ongediertebeheer- 
en Wildbewaringsvereniging”) was proclaimed 
(starting 1 January 1966) and the remaining 12 OFS 
magisterial districts were included from 1 April 1967.

All landowners had to join (as members) Oranjejag, 
the only statutory predator control association in the 
OFS (Ferreira 1988). However, membership fees 
only covered part of Oranjejag’s expenses and the 
PAO had increasingly to subsidise its activities. The 
PAO also funded improvements and maintenance of 
Bathurst, Oranjejag’s main centre and only permanent 
facility, near Bloemfontein.

Since 1966, Oranjejag was managing all the damage 
caused by predators to small livestock in the OFS and 
according to the Ordinance for Nature Conservation 
(No. 8 of 1969), the PAO Directorate Nature and 
Environment Conservation was providing for “the 
conservation of animals and plants and the hunting of 
animals that cause damage and for matters related to 
it.” Therefore, the PAO had to ensure that its predator 
control policy was based on accepted ecological 
principles (Ferreira 1988).

Compulsory membership of Oranjejag by all 
landowners peaked at 15 904 in 1970. It applied a policy 
of intensive control with preventative and reactive 
follow-up predator control and employed 20 hunters 
with 1 000 hounds (Ferreira 1988). Landowners soon 
became dissatisfied with compulsory membership 
and started lobbying politicians again. In April 1971, 
membership became voluntary and declined rapidly 
to 5 200 (1973) and then slower to 2 796 (1987/88). 
Despite increases in tariffs, the voluntary subscriptions 
covered only 31.8% of Oranjejag’s expenses from 
1972/73 to 1987/88. With fewer members and less 
revenue, Oranjejag had to reduce the numbers of its 
hunters and hounds (to 10 and 250, respectively) and 
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from 1973, Oranjejag only conducted reactive follow-
up control (Ferreira 1988).

Despite good intentions, Oranjejag did not realise all 
its goals. According to Ferreira (1988) the farms of 
members covered 43% of the OFS in 1973 and with 
declining membership, the coverage dropped to 21%. 
Members also complemented Oranjejag’s control 
activities by using greyhounds (23.5%), cage traps 
(32.3%), foothold traps (23.5%), and moving small 
livestock to safer areas (11.8%).

Oranjejag did not only underperform financially, but 
members complained about long intervals between 
reporting predation and response by hunters to 
attend to complaints. According to Ferreira (1988) 
Oranjejag’s hunt reports also appeared spectacular 
on paper but was quasi-scientifically analysed and 
misleading; for example, it did not mention that over 
a period of eight years, only 25% of cases (60 of 267 
complaints) were resolved satisfactorily.

Being cognisant of Oranjejag’s recurring financial 
dilemma and frequent requests for more funding, the 
PAO decided to limit the annual subsidy to 70% of 
Oranjejag’s budget; the 1979/80 expenditure serving 
as a baseline, with an annual increase of 10%.

Ferreira (1988) concluded: “A fundamental error in 
judgement was made in 1965 by the Administration 
when it created a milieu for the small livestock owner 
to shift the responsibility for predator control on 
his farm to a hunt association, namely Oranjejag” 
and, “Over the past 20 years the landowner in the 
Province was not taught techniques to reduce part of 
the predation losses on his farm himself” and, “It is 
clear that the current system of predation control is 
not effective in spite of the large sums of money and 
available expertise, therefore, a more effective control 
system must be found.” Ferreira (1988) made several 
recommendations: (i) encourage private initiative 
with limited subsidising of small private hunt clubs 
and guiding legislation; (ii) provide good training to 
landowners, with practical demonstrations of control 
techniques and of cost-effective control principals; 
(iii) implement a shift in Oranjejag’s function from 
total responsibility for predation control to support 
and assistance; (iv) provide attractive basic salaries 
for Oranjejag’s hunters; (v) improve Oranjejag’s 
image among the public; and (vi) establish an 
advisory committee representative of scientific 
nature conservationists, organised agriculture and the 
National Museum.

The PAO heeded of Ferreira’s (1988) 
recommendations and undertook major changes in 
its predation management policy as outlined below.

Natal Province
In Natal, the Problem Animal Control Ordinance 

1978 (Ordinance 14 of 1978), was devised to 
facilitate the control of problem animals through a 
system of hunt clubs. The Natal Parks Board, the 
statuary conservation authority, played an important 
role in advancing the agenda of the Natal Provincial 
Administration (NPA) by advising farmers on 
predation management.

According to Miller (1993), the Administrator of Natal 
Province was mandated to “declare any defined area 
situated within a problem animal area as a hunting 
area, in which one hunt club may be established” and 
“A hunt club may be established upon application 
being made to the Administrator by six or more 
occupiers of land in a hunting area. Membership of 
a hunt club is open to any owner or occupier of land 
within the hunting area.” Furthermore, hunt clubs 
were allowed “to recover expenses, in respect of their 
actions taken to pursue the control of problem animals 
in their area, from those occupiers of land who are 
not members of the club. Where membership of a 
hunt club is compulsory, the members are protected 
against criminal or civil action should unintentional 
damage to persons or property be perpetrated by the 
member during the course of any act done that is 
authorised by the Ordinance.”

The NPA assisted hunt clubs with cash subsidies 
(about 80% of annual expenses, up to a maximum of 
R2 000). Subsidies were supplemented by a bounty 
of R40 per problem animal killed, payable to clubs 
and individuals. Thus, providing an incentive to 
the public to destroy problem animals. Only Black-
backed jackals and Caracals were declared problem 
animals that qualified for the bounties (Miller 1993).

The Administrator could appoint an Advisory 
Committee on Problem Animal Control “to advise 
him, the hunt clubs, farmers and other interested 
persons in regard to problem animal control and to 
institute, conduct, co-ordinate and control research 
into the scientific and technical aspects and habits 
of problem animals or animals likely to be declared 
problem animals, in order to determine the most 
efficient methods of problem animal control” (Miller 
1993). As with other provinces very little information 
is available on the effectiveness of this initiative.

Transvaal Province
The Transvaal Provincial Administration (TPA) 
implemented its own variation of predation 
management. The Transvaal Federal Problem 
Animal Control Association (TFPACA; “Federale 
Probleemdier Bestrydingsvereniging”) was a 
voluntary private organisation, based in Ermelo which 
specialised in the control of problem animals. The TPA 
Nature Conservation Division subsidised the TFPACA 
and hunt clubs were encouraged to join and to operate 
over larger areas. These private hunt clubs were 
affiliated to the TFPACA but operated independently.
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In Transvaal, it was “everybody was for himself”, 
be it private initiatives or the government, although 
cooperative actions appeared to yield better results. 
The TPA Ordinance apparently allowed farmers and 
hunt clubs to implement effective controls. However, 
funding of research in Transvaal was a provincial 
responsibility. It was alleged that problem animals 
were breeding in nature reserves and on farms. 
Therefore, the problem had to be jointly addressed 
by affected parties, who would liase with the 
TFPACA and the TPA’s problem animal unit (based 
at Groblersdal). Individual farmers could control 
predators, but the TPA only allowed organised 
hunting by institutions (such as the TFPACA) that 
were recognised by the Administrator.

REPORTING OF INFORMATION

Predation management and its challenges was 
handled markedly differently between the erstwhile 
four provinces. Furthermore, livestock predation was 
occuring on livestock farms and the responsibility of 
predation management had fallen to the provincial 
conservation authorities rather than the departments 
of agriculture. This tension was further exasperated 
as the killing of wild animals (indigenous fauna) 
conflicted with the provincial conservation mandates.

Information on predation is not readily available in 
the public domain (De Waal 2009; 2021). Invariably 
the reported number of animals killed will be less 
than the actual number, because predation losses and 

predators killed frequently go unreported. Apparently, 
the Cape and the Orange Free State Provinces reported 
regularly on predation management (De Waal 2021). 
However, the limited information available from the 
Transvaal and Natal Provinces does not imply less 
predation losses, but merely the unavailability of reports.

Given its vast geographic area, the Cape Province 
was divided into Western, Eastern and Northern 
Regions. Feedback from these regions varied, but an 
annual report (Anonymous 1979/80) mentioned good 
cooperation from the 26 registered hunt clubs in the 
Western Cape. Some typical predation management 
information for this region is provided in Table 1.

Table 1. Statistics on the control of damage-causing animals in the Western Cape Region of the Cape Province (1979/80 annual report of the 
Cape Province; Anonymous 1979/80).

It was reported (Anonymous 1979/80) that 1 981 
head of livestock (unspecified) were killed by Black-
backed jackals (614), Caracals (940), vagrant Dogs 
(174), Cape foxes (35), Honey badgers (3), Marsh 
mongooses (Atilax paludinosus) (24), African 
wildcats (49) and Leopards (142). Furthermore, 
101 permits were issued to hunt Leopards across 
18 Divisional Councils following claims that 665 
small livestock and 44 cattle were killed by Leopards 
(Anonymous 1979/80). Only 29 Leopards were 
killed (that is one Leopard caught or killed for every 
four permits issued), 23 were killed privately, while 
officials killed a further six. Leopards were caught 
with foothold traps (20), cage traps (5) and packs 
of hunt hounds (4). Although foothold traps were 
not recommended to catch Leopards, mountainous 
terrain in some areas of the Cape Province excluded 
the use of other methods.

Animals
Total damage-causing 
animal killed

Coyote getters Foothold traps Cage traps Hounds Shot

Black-backed jackals 163 130 4 1 28
Caracal 229 2 141 46 40
Vagrant dogs 60 31 10 11 8
Baboons 222 1 212 2 7
Rock hyraxes 744 744
Cape foxes 37 24 12 1
Bat-eared foxes 92 85 5 2
Honey badgers 2 1 1
Cape grey mongooses 75 53 5 6 11
Yellow mongoose 1 1
Marsh mongooses 10 1 5 4
Genets 9 3 3 3
African porcupines 15 4 3 3 5
African wildcats 58 16 5 37
Leopards 10 8 2
Crows 11 11
Aardwolves 4 1 3
Otters 3 3
Totals 1 745 344 211 297 878 15
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Typical statistics regarding problem animals in the 
Cape Province, showing the differing situations for 
livestock killed, predators killed and especially the 
absence of reporting in nine of the 24 Divisional 
Councils, are presented in Table 2. These statistics do 
not provide a full picture regarding problem animals 
and their effect on livestock, because some records 
kept by Divisional Councils were incomplete and no 
statistics were available for farmers conducting their 
own problem animal control.

Table 2. Problem animal statistics for 1987, adapted from reports by Divisional Councils and hunt clubs in the Cape Province (De Waal 2021).

Divisional Councils
Number of small livestock killed Number of problem animals killed
Black-backed 
jackal Caracal Dogs Other Total

Black-backed 
jackal Caracal Dogs Other Total

Bredasdorp/
Swellendam

8 597 24 26 655 2 51 25 52 130

Caledon 0 44 42 1 87 0 9 4 57 70
Calvinia 186 139 3 4 332 46 35 0 6 87
Cederberg 15 250 5 64 334 0 85 1 150 236
Dias 191 255 0 0 446 No statistics 0
Drakensberg 755 225 29 68 1 077 No statistics 0
Gordonia 2 2 No statistics 0
Grootrivier 38 79 0 0 117 No statistics 0
Humansdorp 20 256 49 51 376 No statistics 0
Kaffraria 556 133 0 0 689 No statistics 0
Kareeberg 375 127 0 77 579 76 100 38 443 657
Klein Karoo-
Langkloof

79 14 0 10 103 56 2 2 41 101

Langeberg 194 246 4 6 450 9 75 0 9 93
Matroosberg 24 12 23 11 70 7 3 27 44 81
Midland 2 548 2 548 No statistics 0
Namakwaland 813 56 13 6 888 230 27 15 252 524
Nuwe Roggeveld 300 14 0 59 373 50 7 0 256 313
Outeniqua 186 323 21 145 675 24 68 12 20 124
Prieska No statistics 0 149 52 201
Smaldeel 75 580 48 703 No statistics 0
Stormberg 98 98 No statistics 0
Swartland 9 200 38 8 255 5 112 3 1 121
Vaalrivier 3 3 4 4
Witzenberg 24 156 56 48 284 1 24 4 25 54
Total 3 851 6 362 307 634 11 144 659 650 131 1 356 2 796

Oranjejag, the only statutory hunt association in the 
OFS, annually provided detailed information on 
predation management, as well as on hunters and 
their activities (Table 3).
Very few reports on predation are accessible for 
the Transvaal. A predation specialist official for 
Transvaal, Mr. Rex Janse van Rensburg, participated 
in the field trials with coyote getters in the Cape 
Province in 1961. Later he also conducted field trials 
at the S.A. Lombard Nature Reserve, near Bloemhof, 

Transvaal. A preliminary report showed considerable 
sheep losses in the Transvaal over a ten-year period 
(Janse van Rensburg 1965).

Smilarly, few official reports are available for Natal. 
However, Lawson (1988) conducted a survey and 
concluded that predators had a marked effect on the 
sheep industry with most respondents indicating that 
predation increased and “direct losses of stock are 
conservative and estimated at over R3 000 000 with 
indirect losses also being potentially high.”

Hard-earned practical experience, as well as manuals 
such as Bowland et al. (1993), allow farmers and 
predator hunters to identify the cause of predation 
losses. However, Carruthers & Nattrass (2018) noted 
that it is impossible to determine from stomach 
content if Black-backed jackals had killed or merely 
scavenged sheep carcases. Nevertheless, it seems 
underreporting of losses may be a more important 
consideration that misidentification of predation.
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Table 3. A summary of the situation in the Orange Free State Province, adapted from information provided in the Annual Report of Oranje-
jag’s Director regarding ‘Harmful animals killed & kilometres driven Jan-Oct 1987’ (De Waal

COORDINATED PREDATION 
MANAGEMENT

National Problem Animal Policy Committee 
(NPAPC)

Despite the activities of a substantial number of hunt 
clubs in the four erstwhile provinces and the varied 
official assistance alluded to previously, predation 
losses persisted. Small livestock farmers, in particular 
members of the National Wool Growers’ Association 
of South Africa (NWGA), were calling at congresses 
for intervention in the issue.

In response to these persistent calls, the NWGA 
launched a national initiative to coordinate predation 
management and established a Problem Animal Sub-
committee. On 23 July 1987, a meeting was held in 
Harrismith (eastern OFS Province) with the focus on 
problem animals. Representatives of the PAO, NPA, 
Natal Parks Board, Oranjejag, NWGA and Free State 
Meat Committee were in attendance.

The initiative was developed following several 
meetings and involving broader representation. 
Discussions between representatives of the NWGA, 
RPO, four provincial MEC’s, provincial nature 
conservation divisions and Oranjejag, reached 
consensus and on 27 November 1989 the National 
Problem Animal Policy Committee (NPAPC) was 
established in Bloemfontein with Mr. Peter Kingwill 
(President: NWGA) as the Chairman. In a press 
release the NPAPC (De Waal, 2021) stated, “The 
committee will endeavour among others to determine 
overarching policy regarding research, training, 
communication, development of methodologies, 
legislation and funding, as well as other issues 

referred to it. The establishment of the committee 
enjoyed the full support of the provincial authorities. 
They emphasised the Committee would not have 
executive powers because the respective provinces 
will decide how to implement the recommendations 
of the Committee. Mr. Kingwill said although small 
livestock farmers regard it a primary responsibility 
to protect their flocks and control problem animals, 
all institutions involved should make it easier for the 
farmer to assume the responsibility.”

Mr. Theuns Botha (Manager: NWGA) was appointed 
the first Secretary of the NPAPC. In this dual role, 
he was ideally positioned within the South African 
livestock sector. He meticulously managed the 
minutes and correspondence, recording the input of 
livestock farmers, wildlife ranchers and other role 
players and using this information to gain official 
support for coordinated predation management in 
South Africa.

Striving for coordination countrywide, the NPAPC 
started developing a National Problem Animal 
Control Policy and Strategy for South Africa in 
October 1990. At the request of the NPAPC, the Natal 
Parks Board got the ball rolling with a 4-page draft 
proposal, focusing on four specific aspects, namely 
communication, control, training, and research. Other 
aspects were also addressed over time, but these four 
topics remained the core focus areas of predation 
management in South Africa.

The NWGA was instrumental in founding the 
NPAPC, and since 1989 provided secretarial services 
and covered the expenses. This administrative 
obligation taxed the finances of the NWGA, which 
derived its funding from member (namely wool 

Month km1 Caracal Black-backed jackal Cape fox African wildcat Vagrant 
dog

Total
Hound Getter2 Hound Getter Hound Getter Hound Cage3

Jan 39 440 6 2 61 47 16 90 2 - 2 226
Feb 34 806 11 - 32 66 13 106 3 - 8 239
Mar 50 802 7 4 37 88 22 141 11 1 6 317
Apr 49 497 10 - 18 61 22 264 5 - 23 403
May 53 704 10 2 20 53 20 304 5 - 13 427
Jun 59 213 15 1 16 54 9 237 1 - 17 440
Jul 49 652 8 3 19 47 9 238 3 1 12 340
Aug 43 491 9 5 19 47 4 233 7 1 14 339
Sep 56 378 18 3 125 51 17 160 7 1 16 398
Oct 43 546 15 1 100 40 24 140 15 - 11 346
Total 480 529 109 15 447 554 156 1913 59 3 122 3475
1 Main Station (Bloemfontein): 1 Chief Inspector, 1 Inspector & 7 Hunters; Boshof: 1 Inspector & 1 Hunter; Ventersburg: 1 
Inspector & 1 Hunter; Warden: 1 Inspector & 1 Hunter [plus Administrative distances travelled by the Chief Inspector = 28 035 km].
2 Coyote getter – poison ejector
3 Cage trap
4 A brown hyaena was killed in January 1987 - unknown location.
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that fact, it is amazing that there is not more 
enthusiasm amongst farmers to have many more 
courses” (Anonymous 1993).

The Problem Animal Control Forum identified 
specific objectives and formulated strategies, 
culminating in a Strategic Action Plan. The NPAPC 
would continue to seek final approval, but it was 
hoped the Problem Animal Control Forum could start 
playing a vital role and getting many actions off the 
ground sooner.

Given Oranjejag’s recurring poor financial situation, 
the inevitable happened and on 15 July 1993, only 
two months after the watershed Problem Animal 
Control Forum was held, Oranjejag was officially 
dissolved.

Concurrent to these activities to develop a strategy 
on predation management, major political changes 
in South Africa started rapidly evolving during the 
early 1990s. In anticipation of the dawn of South 
Africa’s new geopolitical dispensation in April 1994, 
the NPAPC realised the importance of advancing 
its initiative and released the ‘National Policy and 
Strategy for Problem Animal Control in South Africa’ 
on 17 February 1994.

At the time, considerable competency on predation 
management still existed in South Africa. On 7 
December 1993, the NPAPC requested the provinces 
for information on the instructors and individuals 
who may qualify for accreditation with the NPAPC. 
The Cape, Transvaal and Orange Free State Provinces 
responded as follow: (i) CPA (14 February 1994) - 51 
hunters (private and those employed by hunt clubs), 
a private instructor and 30 nature conservators with 
knowledge of problem animal control; (ii) TPA (18 
March 1994) - five hunters and instructors, 26 nature 
conservators that had completed the problem animal 
control course, and a private hunter; and (iii) PAO 
(29 March 1994) - seven hunters permitted to hunt 
with hounds, trap cages and poison ejectors and nine 
only hunting with hounds.

Geopolitical reconfiguring of South Africa - April 1994
On 27 April 1994, South Africa held its first 
democratic election. It changed South Africa in 
many ways including the establishment of nine new 
provinces (out of the previous four), namely Western 
Cape, Eastern Cape, Northern Cape, Free State, 
North West, Mpumalanga, KwaZulu-Natal, Gauteng, 
and Limpopo. For every national department, 
nine corresponding provincial departments were 
established, creating a scenario of “1-plus-9” for state 
functions. Livestock farmers and wildlife ranchers 
were affected by the competency levels of the new 
national department of agriculture and environmental 
affairs as well as the respective nine provincial 
departments. It also affected the safeguarding 
or archiving of documents. The geopolitical 

sheep farmers) contributions. In April 1993, the 
NWGA approached the RPO, its red meat producer’s 
counterpart, to negotiate the sharing of secretarial 
costs. It was suggested that if the NWGA were to 
continue managing the NPAPC’s secretariat, the 
RPO should contribute equally. However, if the 
RPO would choose to assume responsibility for 
managing the secretariat at a lower cost, the NWGA 
would share the cost. Apparently, this suggestion to 
share the financial burden was based on informal 
discussions between colleagues in the two producers’ 
organisations.

In May 1993, the idea to share costs lead to a proposal 
that the NWGA and RPO would contribute equally to 
the budget of the NPAPC’s secretariat. Furthermore, 
it was suggested that the provincial governments 
and regional services councils represented on the 
NPAPC should also contribute, because the NPAPC 
was providing a service in the public interest and for 
the benefit of the broader community. However, as 
always happened when financial contributions were 
requested, nothing came of this noble suggestion.
Problem Animal Control Forum – Golden Gate 

Highlands National Park
In December 1991, Mr. Theuns Botha was succeeded 
by Mr. Nico Vermaak as the NPAPC Secretary 
(Anonymous 1993). Vermaak played a key role in 
organising and documenting the proceedings of the 
Problem Animal Control Forum, which was held 
from 4-5 May 1993 at the Golden Gate Highlands 
National Park, in the eastern OFS.

In the opening address to the Problem Animal Control 
Forum, Mr. Peter Kingwill (Chairman: NPAPC) 
alluded to the long process of engaging with role 
players and stakeholders on predation and predation 
management to establish the NPAPC and which 
culminated in the Problem Animal Control Forum: 
“The purpose of this committee is to act as a liaison 
and co-ordinating forum to utilize the abilities and 
expertise of the authorities and interested parties 
within agriculture to effectively reduce losses 
caused by problem animals, using ecologically 
and ethically acceptable methods.” Four key areas 
to advance strategies were identified, namely: (1) 
communication; (2) control; (3) training; and (4) 
research and development. Kingwill concluded: 
(i) “Much is known and a great deal of experience 
exists about effectively restricting losses, but the 
effective communication of this information is very 
much lacking. This Forum is a major step forward 
in addressing this problem. You will find suggestions 
for a number of other ways to solve this problem in 
the action plan; (ii) Good communication can inform 
people about what is known, but actual on-the-ground 
training on how to use the right methods effectively 
remains essential; and (iii) To my knowledge, every 
training course that has been organised has resulted 
in subsequent success by the trainees. Considering 



9Indago Vol. 37 (2021)

reorganisation and redeployment of many officials 
inevitably resulted in a loss of institutional memory; 
therefore, the thrust and recommendations of the 
Problem Animal Control Forum mostly faded without 
being implemented (De Waal 2009; 2021).

However, some initiatives made progress. Prior 
to the geopolitical changes in April 1994, the 
NPAPC initiated a process to include training 
courses on problem animal management in the 
curricula of Colleges of Agricultural. It suggested 
a uniform national course manual, compiled by 
the Interprovincial Problem Animal Committee, 
could serve as guideline for the curriculum. The 
Grootfontein, Elsenburg, Glen, Potchefstroom 
and Cedara Colleges of Agriculture committed to 
including Problem Animal Control in courses (from 
1994) and provincial conservation authorities were 
requested to assist the colleges.

The role, and activities of the NPAPC had been fading 
since April 1994 and on 29 May 1996, in line with its 
vision, the NPAPC undertook a review its future. It 
concluded the NPAPC was still relevant, but it was 
important to gain direct access to provincial MECs. 
Members of the NPAPC were requested to liaise 
directly with provincial MECs and obtain mandates 
regarding problem animal control. The outcome of 
these negotiations with provinces varied but there 
was little commitment overall (De Waal 2021).

The NPAPC’s role and status  remained unsatisfactory, 
which prompted Mr. Jannie Kemp (Chairman: 
NPAPC) to try and revive the initiative by inviting 
important role players to a meeting from 7-9 
September 1998 at Jonkershoek Nature Conservation 
Station, Stellenbosch. Despite the best efforts of the 
meeting, the response, and commitments for much 
needed financial support to the NPAPC were vague.

Canis-Caracal Programme (CCP)

The African Large Predator Research Unit (ALPRU) 
was founded on 13 February 2002, with a focus on all 
larger African predators. The paucity of information 
on livestock predation prompted ALPRU to launch 
the Canis-Caracal Programme (CCP) on 10 December 
2004. The CCP’s primary goal was to boost efforts and 
resuscitate the dormant, or non-existent, coordinated 
system of predator management in South Africa. 
De Waal (2009) advocated that predators such as 
Black-backed jackals and Caracals must be managed 
as a national priority and major role players must 
assume their specific responsibilities, namely: (i) the 
government was responsible for policy, coordination, 
training, extension, research, and monitoring; however, 
they must refrain from dominating the scene (as they 
did in the past); and (ii) the livestock farmers and 
wildlife ranchers were responsible to safeguard their 
animals and controling predators; with appropriate 
assistance rendered by government.

ALPRU lobbied key role players and stakeholders 
to advance the CCP’s objectives, namely: (i) collate 
and interpret all available data and information on 
these two predator species; (ii) initiate, support 
and conduct scientific studies on the ecology of 
these two predator species and their food base; 
and (iii) formulate new or update existing science-
based management strategies to control these two 
predator species and relate it to provincial and 
national policies.

The NWGA was increasingly concerned about the 
persistent apathy among role players and called for 
a meeting to continue the activities that the NPAPC 
initiated. On 1 March 2005, the National Forum 
for Damage Causing Animals met in Bloemfontein 
and ALPRU introduced the CCP with the focus 
on predation losses and a system of coordinated 
predation management.

To advance the CCP’s objectives, ALPRU liaised 
with Mr. Hannes Stadler (CapeNature, Western 
Cape Province) to visit Vrolijkheid, the site of 
the erstwhile Vermin Research Farm and Hound 
Breeding Station of the CPA. From 21-24 January 
2006, old monthly hunt reports of hunt clubs and 
documents pertaining to predation management in 
the Cape Province were retrieved from Vrolijkheid 
and later more documents were received from Mr. 
Stadler’s office in Porterville. Copies of documents 
were archived by ALPRU/CCP and Gunter (2008) 
and Kruger et al. (2021) have since reported on 
some of the information contained therein.

Ostensibly, the active and persistent lobbying by 
ALPRU/CCP for a system of coordinated predation 
management in South Africa played an important 
role in events to come.

Ganzekraal Workshop

The Ganzekraal Workshop: Holistic Management 
of Human-Wildlife Conflict in the Agricultural 
Sector of South Africa convened from 10-13 
April 2006 at the Ganzekraal Nature Reserve, 
near Cape Town. It was attended by 55 people, 
including farmers, the agricultural sector, 
conservation authorities and organisations, NGOs, 
animal welfare organisations, communities, and 
academic institutions (Daly et al. 2006). The input 
of role players was recorded in a draft document and 
presented at a follow-up workshop in August 2007.

Ostensibly prompted by the Ganzekraal Workshop, 
the Minister of Environmental Affairs and Tourism 
published draft regulations on ‘Human-Wildlife 
Conflict Management (“Damage-Causing Wild 
Animals”)’ in 2007, showing intent to issue 
regulations in terms of Section 97 of the National 
Environmental Management: Biodiversity Act, 
2004 (Act No. 10 of 2004).
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Pursuant to the Ganzekraal Workshop, the Department 
of Environmental Affairs and Tourism (DEAT) waited 
for the Minister to publish the “draft regulations”, 
before convening a National Workshop for Provinces 
on Human-Wildlife Conflict Management on 27-28 
August 2007 at the Ritz Restaurant, Sea Point, Cape 
Town. The agenda was broader than the Ganzekraal 
agenda and clearly intended to capitalise on important 
outcomes of the latter.

This separate, broader agenda appears to have been 
an attempt to circumvent the input provided by a 
broad spectrum of role players and stakeholders at 
the Ganzekraal and Ritz Workshops (De Waal 2021).

Growing concern about the NPAPC’s activities and 
its future surfaced at the annual meeting on 24 April 
2008 in Bloemfontein, and speakers commented 
on “the same agenda being tabled every year.” 
Acknowledging the concerns, the Chairman, Mr. 
Petrus de Wet responded, “What is the future of this 
group?” and in simple terms, “…are we going to tread 
water or are we going to embark on a more focussed 
route?” The consensus was that the NPAPC’s future 
must change for the better and a delegation was 
mandated to meet with the relevant Minister.

The NPAPC’s delegation met in Pretoria on 31 July 
2008 with Mr. Marthinus van Schalkwyk, Minister 
of Environmental Affairs and Tourism and other 
senior officials. The delegation comprised Mr. Petrus 
de Wet (Chairman: NPAPC/President: NWGA), 
Mr. Arnold Brand (President: RPO), Mr. Laurie 
Bosman (President: Agri SA), Mr. S.K. Makinana 
(Board Member: Cape Wools SA) and Prof. HO 
de Waal (ALPRU/UFS). The agenda included: (i) 
Presentation on problem animal control and DEAT’s 
involvement; (ii) Impact of predation illustrated 
with statistics; (iii) Different policies in provinces; 
a uniform predation management policy must be 
identified and implemented; (iv) Lack of a DEAT 
budget that reflects on the enormity of the problem 
and dedicated to conduct research and development 
in the field of problem animals, especially identified 
species; (v) Lack of a DEAT budget dedicated to 
effective training of producers and predator control 
operators to mitigate the impact; (vi) Shortages in 
skilled people to train producers and DEAT officials; 
(vii) Coordination and capacity to address the 
problem was the responsibility of two departments, 
DEAT and DoA; (viii) The development and 
implementation of a national predation management 
policy must be initiated with the participation of 
provincial and local governments; (ix) Perception 
that larger and dedicated budgets were allocated 
in the past to the problem and thus the impact of 
predation was smaller; (x) Permission granted 
by DEAT to move some wildlife species adjacent 
to livestock farming areas without sufficient 
consultation with organized livestock producers 
have a very negative impact on livestock farming; 

and (xi) Some officials attended the NPAPC Forum, 
but some provinces were no longer represented. The 
DEAT policy should compel all provinces to attend 
the annual forum during April.

Time lapsed again before DEAT held a National 
Stakeholder Workshop on 27 January 2009 at the 
Colosseum Hotel in Pretoria to initiate the drafting 
of National Regulations to Manage Damage-Causing 
Animals (DCA) in South Africa. It was attended 
by officials and representatives of civil society, 
including the NWGA, SAMGA, RPO, WRSA and 
ALPRU. There were immediately issues as alluded 
to previously; one person objected, claiming he had 
been excluded from the National Workshop (Ritz, 
27-28 January 2007). He insisted the draft document 
that was tabled must be ignored and the process 
should start afresh. The opening of the Workshop was 
delayed for two hours by a debate that was taking 
place in a backroom. However, one participant picked 
up on the obvious reason for the delay caused by this 
individual and, in an e-mail dated 5 February 2009, 
stated: “The first point the Chairman made is that 
the draft norms and standards that were circulated 
last year were off the table. To use his words ‘the 
document does not exist.’”

Clearly, somebody was pushing a separate agenda. 
To solve the impasse, the Stakeholder Workshop 
nominated a task team to edit the draft National 
Norms & Standard regulations by e-mail on 11 
March 2009 and circulate it for broader participation 
and comments by the attendees. However, continued 
squabbling (around these underlaying issues) 
persisted in delaying the opening of the National 
Stakeholder Workshop on 27 January 2009, and 
effectively ended the initiative.

Being visionary and aware of these recent 
developments, the NPAPC took the lead on 
developing a strategy for predation management 
and on 20 March 2009 convened an Open Forum in 
Port Elizabeth. It was attended by 50 representatives 
of producers’ organisations, organised agriculture, 
NGO’s, academic institutions, conservation 
authorities and agricultural media.

After the closing of the Open Forum, an official 
of a producers’ organisation questioned ALPRU’s 
recent request for funding from Cape Wool SA (“The 
development and implementation of a coordinated 
strategy of predator management to reduce the impact 
of the black-backed jackal and the caracal on the 
livestock industry”), alleging that ALPRU’s request 
conflicted with an initiative of the NWGA and NMMU 
(Nelson Mandela Metropolitan University). The latter 
initiative (“Concept framework for a cooperative Stock 
Predation Research Programme in South Africa” or 
the “Co-operative Research Programme, CRP”) was 
developed in closed sessions since 2009 and only 
became public knowledge in 2010.
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Predation Management Forum (PMF)
Responding to the input of key role players and 
stakeholders, the NPAPC retained the initiative and on 2 
July 2009, founded the Livestock and Wildlife Working 
Group on Damage Causing Animals in Port Elizabeth. 
Thus, the NWGA, RPO, SAMGA and WRSA pooled 
efforts and presented a united front to liaise and to find 
solutions to mitigate the negative effects of predation. 
Being mindful of the importance of public perceptions, 
the group was renamed the Predation Management 
Forum (PMF) on 20-21 April 2010.

Concerns were repeatedly raised about the absence of 
the department of agriculture on matters pertaining to 
predation management. Therefore, on 28 September 
2009, Mr. Koos van der Ryst (RPO), Mr. Coligny 
Stegmann (SAMGA), Mr. Petrus de Wet (NWGA), 
Dr. Gert Dry (WRSA) and Prof. HO de Waal (ALPRU/
UFS) met with Ms. Tina Joemat-Pettersson, Minister 
of Agriculture, Forestry and Fisheries (DAFF) at 
the OR Tambo International Airport. The delegation 
alluded to the impact of drought, livestock theft and 
predation as major risk factors for the producers. It 
was emphasised that DAFF should commit to the 
development of a system of coordinated predation 
management in South Africa.

In a parallel process in a meeting on 27 July 2010 at 
the NWGA head office in Port Elizabeth, the Scientific 
Assessment was launched as a joint initiative with 
the NMMU (Co-operative Research Programme). It 
became known as the PredSA (Kerley et al. 2018a,b). 
Inevitably, information about the meeting was shared 
and the initiative was widely discussed; specifically, 
why separate processes, but with similar goals, were 
underway in South Africa. Although the detail of the 
discussions differed, it was alleged “the project” was 
launched under the auspices of the wool industry, 
that a university has been mandated to conduct the 
research and that a huge budget has been approved.

Scientific Advisory Committee (SAC)
Towards the end of 2010, the chairman of the PMF 
started seeking input on how to broaden the scope of 
scientific advice available to the PMF. In response, 
ALPRU suggested a Scientific Advisory Committee 
(SAC) with the rationale of incorporating a network 
of scientists to advise the PMF.

On 10 November 2010, the PMF invited a number of 
scientists to attend the first SAC meeting in Pretoria 
on 24 February 2011; including scientists from the 
National Museum (Bloemfontein), universities 
(Stellenbosch, Rhodes, NMMU and Free State), 
Livestock and Welfare Coordinating Committee 
(LWCC), National Agricultural Marketing Council, 
DEAT, NWGA, RPO, SAMGA and WRSA. The 
University of Pretoria (UP) and DAFF offered 
apologies and the Agricultural Research Council 
(ARC) did not respond to the invitation. The PMF 

Chairman, accompanied by six PMF Executives, 
explained the rationale and the Terms of Reference (ToR) 
for the SAC. The scientists were requested to debate 
the ToR, the SAC structure and present a work plan to 
the PMF. After the meeting and further deliberations by 
e-mail, a draft “Discussion Document: First meeting 
of the Scientific Advisory Committee (SAC), Predation 
Management Forum (PMF)” was submitted to the PMF.

On 20 April 2011, the SAC proposed to the PMF that 
a small committee should be established, comprising 
representatives of the (i) National Museum; (ii) 
NWGA; (iii) NMMU; (4) UFS; (5) UP; and (6) 
the SAC Secretariat would be administrated by Dr. 
Shirley Parker Nance, based at NMMU.

Internal conflicting issues could not be resolved, 
and the SAC was short-lived. On 30 August 2011, 
the PMF steering committee met in camera and 
resolved: (i) Close the SAC; (ii) Refer PMF 
research to the RMRD SA (Red Meat Research and 
Development, SA); (iii) Inform DAFF and DEA re 
the Scientific Assessment (SA) and that no decision or 
recommendation has been made regarding by whom 
the work will be done; a decision will be taken by the 
PMF and the RMRD SA informed accordingly; (iv) 
Mr. de Wet was stepping down as Chairman of the 
PMF, but remained available to be co-opted on the 
committee and reimbursed similar to the Chairman of 
the NWGA of SA; (v) The industries will be invoiced 
R10 000 for the functioning of the PMF; and (vi) 
Under no circumstances may hotel bookings, SMS 
and email correspondence be done as the NWGA – it 
must be done under the banner of the PMF.

As alluded to previously, efforts were ongoing since 
1994 to involve both the department of environmental 
affairs and the department of agriculture in coordinated 
predation management; but the South African 
constitutional arrangement of a “1+9” scenario was 
not helpful in addressing fragmented approaches 
and uncoordinated predation management activities. 
Furthermore, predation management legislation was 
archaic and varied between provinces. Attempting 
to address discrepancies, DEAT published a General 
Notice on 29 November 2010, namely “Draft 
Norms and Standards for the Management of 
Damage-Causing Animals in South Africa.” Despite 
comprehensive input, the draft document has not 
been finalised yet and provinces claim they cannot 
finalise their own legislation unless the National 
Norms & Standards has been promulgated.

Despite the challenges ALPRU/CCP continued 
lobbying for a system of coordinated predation 
management. Since 2006, awareness has been 
created at national and international conferences 
and workshops about the challenges and the dearth 
of ecological information on specifically, Black-
backed jackal and Caracal. To fill the knowledge gaps, 
postgraduate studies were conducted under the auspices 
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of ALPRU to determine the extent of predation in South 
Africa and define gaps in scientific information (Gunter 
2008; Strauss 2009; Van Niekerk 2010; Du Plessis 
2013; Badenhorst 2014; Schepers 2016; Kruger 2019).

Federal Wildlife Services, USDA/APHIS
In line with its objectives, ALPRU/CCP expanded 
insight on predation management and specifically 
searching abroad. On 13 April 2010, a meeting was held 
with colleagues of the Federal Wildlife Services, USDA/
APHIS (United States Department of Agriculture/
Animal and Plant Health Inspection Service) at the 
UFS. On 3 May 2010, the USDA/APHIS extended 
official invitations to Mr. Coligny Stegmann (PMF/
SAMGA), Dr. Nico Avenant (National Museum, 
Bloemfontein), Mrs. Magdel Boshoff (DEAT) and 
Prof. HO de Waal (UFS/ALPRU) to visit the USA. 
A DAFF representative could not accompany the 
team. During a short, but well-planned itinerary of 
10 days (15-31 May 2010), the structured system 
of coordinated predation management of the 
Federal Wildlife Services was experienced first-
hand. Feedback was presented at different forums, 
including the PMF, with the focus on the need for 
a system of coordinated predation management as 
schematically presented in Figure 1.  The names 
of several entities that were used in the original 
presentation have since changed, therefore the 
current names are used in Figure 1.

On 28 October 2010, Mr. Petrus de Wet (PMF 
Chairman/NWGA) was cordially invited by the 
Portfolio Committee on Agriculture, Forestry 
and Fisheries to make an oral presentation on the 
impact of predation in Parliament on 2 November 
2010. It was a watershed event for the initiative 
of coordinated predation management. Mr. de 
Wet was accompanied by Lardus van Zyl (RPO), 
Coligny Stegmann (SAMGA) and HO de Waal 
(UFS/ALPRU). Since, at least for a while, it 
appeared the united front presented by the PMF 
caused politicians and officials to view predation 
differently.

At least one province endeavoured to advance 
official cooperation with the PMF. Dr. Kas 
Hamman (CapeNature) garnered support from 
key role players and stakeholders and concluded 
a co-operative agreement between the Predator 
Management Forum (Western Cape) and 
CapeNature, aiming to manage three wildlife 
species (Bush pigs, Black-backed jackals, and 
Caracals) responsible for agricultural losses in 
the Western Cape Province. It was the first, and 
apparently only, bold step to reach agreement 
on co-operative predation management in South 
Africa and was signed in March 2013 by the 
Western Cape MECs for Environmental Affairs 
and Development Planning, and Agriculture.

Figure 1. A proposed system of coordinated predation management in South Africa.
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Scientific Assessment (SA) cum PredSA
The NMMU’s initiative proceeded and on 26 August 
2016 it announced the launching of the Scientific 
Assessment (SA) (PredSA; Kerley et al. 2018a,b). 
As noted previously, the initiative dates to 2009 and 
later becoming known as the Co-operative Research 
Programme: Stock Predation Research (CRP:SPR), 
based in the Centre for African Conservation Ecology 
(ACE, NMMU). The initiative strived “To conduct 
appropriate and strategically determined research, 
that takes into account the problems and needs of the 
small-stock industry, and environmental (ecological) 
requirements, and also the outcomes of acceptable 
research conducted to date, with a view to providing 
sound, scientifically-based directions (guidelines) to 
(a) the industry, and to (b) the policymakers, with the 
overall aim of appropriately mitigating the problems 
caused by predation on stock, especially by jackal 
and caracal.”

Selected lead authors accepted responsibility for 
specific core issues/chapters in PredSA and were 
assisted by contributing authors. Two scientists 
from the Free State team participated as contributing 
authors. The Process Custodians Group, comprising 
a chair and six individuals’ representative of the 
government (DEA & DAFF), industry (NWGA & 
SAMGA), research (CSIR), and NGO’s (Wilderness 
Foundation) oversaw the process (Kerley et al. 
2018a,b).

Over time, and given the vision and objectives of 
ALPRU/CCP, a network of dedicated scientists 
from several entities have increasingly and de facto 
operated as the Predation Management Centre (PMC) 
since 2016.

Predation Management information Centre (PMiC)
On 29 January 2016, the UFS responded to the “Call 
for expression of interest” by the PMF to establish 
a Predation Management Information Centre. The 
PMF Secretariat promptly acknowledged “receipt 
of the Free State’s submission of an expression of 
interest to establish a PMIC” and said that after the 
meeting of the PMF Steering Committee in February, 
the UFS would be informed of the outcome, namely 
to submit a formal proposal.

Despite being being identified as a potential candidate 
for the establishment of the Predation Management 
information Centre (PMiC), it was a demanding 
process. After challenging deliberations, the NWGA, 
SAMGA, WRSA, RPO and UFS agreed on the details 
and signed four separate service agreements with the 
UFS, and on 1 March 2017 the PMiC, as graphically 
presented in Figure 2, became operational at the UFS.

As directed by the South African President, a high-
level government initiative named ‘Operation 
Phakisa’ was convened in 2016 at the OR Tambo 
Conference Centre in Gauteng. ALPRU/CCP was 

Figure 2. A schematic presentation of the PMiC (Predation Management information Centre), as part of the PMC (Predation Management Centre) 
based at the UFS.
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invited to address a work session on 18 October 2016 
regarding the impact of predation and the need for 
coordinated predation management in South Africa. 
An executive summary, “Coordinated Predation 
Management Service” with a detailed budget for 
implementation, was submitted on 24 October 2016 
to the organisers of Operation Phakisa.

The four producers’ organisations would contribute 
proportionally (in three tranches per year) to 
the annual budget of the PMiC. The UFS was 
an important partner in the arrangement and 
contributing substantially (as cost to company) to 
the PMC and thus PMiC. However, the PMiC was 
short-lived; despite delivering on its commitments, 
the financial constraints experienced by sponsoring 
entities played a major role in its demise. On 6 
September 2018, the PMF informed the UFS that 
two producer organisations had withdrawn funding, 
but the other two would continue until February 
2019. The decision by at least one of the producers’ 
organisations to withdraw its financial contribution, 
might have been influenced by a commitment to the 
forthcoming PredSA.

The PredSA was launched on Friday 16 November 
2018 at the NMMU. In recognition of their financial 
contributions, copies of the two publications (Kerley 
et al. 2018a,b) were handed, during the ceremony, to 
senior officials of DAFF and DEA.

On 21 February 2019, the PMF informed the UFS 
of its decision to establish a legal entity as Predation 
Management South Africa (PMSA), with focused 
functions and responsibilities, namely training, 
legislation and communication. The PMSA thanked 
the UFS for its input to address fragmentation and 
other goals of predation management and hoped it 
would continue providing information for the PMF 
newsletter.

On 23 August 2019, the PMSA Forum met at the 
UFS. Although the PMF had withdrawn funding 

from the PMiC, ALPRU informed the meeting that 
the PMC at the UFS remained operational and would 
be strengthened to develop a system of coordinated 
predation management in South Africa.

At the same time this scenario was playing out, 
and in continuation of ALPRU’s broad initiative, 
Kruger (2019) developed practical methods to 
manage predation; technology and procedures to 
collate information for incorporation in a national 
database, integral to an information management 
system (MIS). Effective management of the Black-
backed jackal and Caracal pose complex, varying 
challenges for authorities and landowners. The two 
mobile device applications are valuable contributions 
to the knowledge base and insights for predation 
management.

On 14 October 2020, after an internal review, PMSA 
communicated as follows: ‘Research- & tertiary 
institutions as well as research structures within 
agricultural commodities are requested to consider, 
pursue and or fund research projects and programs 
in support of priorities.’

CONCLUSION – QUO VADIS

Many strategies and recommendations have been 
developed in the past 25 to 35 years, but few were 
implemented to mitigate predation losses and often 
financial constraints prevented goals from being 
achieved. The initiatives came and went in a way 
best characterised as an ebb and flow. Despite major 
advancement over decades, specifically since 23 
July 1987 when a concerted and focussed initiative 
was launched, predation management in South 
Africa remains fragmented and uncoordinated.
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Abstract
South Africa has a long record of depredation. Since 2004, renewed awareness of this conundrum has markedly increased. The 
question arose as to what was learnt from historic management efforts, and how farmers, managers and conservation officials can 
best include it in management programs. Historical reports of two government-subsidised hunt clubs that operated in the Mossel Bay 
district of South Africa during the late 1970s to early 1990s were analysed to determine their contribution in managing the effects 
of specific predators on small livestock. District-level and farm-level analyses highlighted the value of such data in depicting the 
extent and distribution of predation and predator control and the role of government as an authoritative body to coordinate predation 
management and research efforts. However, the format of hunt reports, inaccurate or incomplete data recorded by hunters and 
untraceable hunt reports did not provide a clear understanding of predation and predator control relationships and patterns. Detailed 
data will enable meaningful analyses on predation management, such as cause-and-effects of predation incidences and predator 
control. Detailed spatiotemporal information on each predation incident and predator control activity, background information on 
club membership, the extent to which farmers depended on technical aid from the clubs, as well as physical and managerial aspects 
of each farm, may aid in interpreting the effect of predators on livestock. It may also aid in determining the effect of different control 
methods and management practices on predators and future predation, as well as factors which may influence these effects. Although 
information from the reports investigated was, therefore, not as useful for management purposes, it illustrated the potential value of 
the well-coordinated collection of standardised data for research on a local, regional, and national level. However, a framework needs 
to be developed that should be informed by multi- and interdisciplinary research approaches.

KEYWORDS: historical hunt reports, government-subsidised hunt clubs, livestock predation, predator control, predation 
management.

INTRODUCTION

The Cape Department of Nature Conservation was 
instituted in 1952 (Carruthers & Nattrass 2018) 
in the erstwhile Cape Province of South Africa. 
Recognising the role and potential of basing 
predation management on scientific methods, it 
replaced the bounty system with a system based on 
methods used in the United States of America, but 
adapted for South African conditions (Hey 1964; 
Anonymous 1966; Gunter 2008; De Waal 2021). The 
role of the Cape Department of Nature Conservation 
was of a supportive and advisory nature, providing 
farmers with technical aid and training courses in 
the use of different control methods (Anonymous 
1961; 1982/1983), and conducting research into 
more efficient problem animal control and the 
feeding habits of various species of damage-causing 
animals (Anonymous 1969/1970). The Department 
was further responsible for subsidising hunt clubs, 
breeding and training hunting hounds and selling 
these and problem animal control equipment to 
farmers and hunters from hunt clubs (Hey 1964). The 

primary responsibility for problem animal control, 
however, rested with the private farmers (Anonymous 
1982/1983). Control measures employed by farmers 
included hunting with hounds, coyote getters, cage 
traps, poison (Anonymous 1961; Anonymous 1966; 
Anonymous 1974-1975, Anonymous, 1977/1978) 
and gin traps (Hey 1974).

Experienced and skilled problem animal hunters from 
the government-subsidised hunt clubs performed 
animal damage control when farmers reported 
damage caused to crops, infrastructure or livestock 
by wild animals. The hunters were required to record 
every hunt and submit a monthly report, specifying 
the date, the name of the farm on which each control 
operation was conducted, the name of the farmer 
or representative, the distance travelled during the 
operation, the damage reported by the farmer, the 
number, species and sex of animals removed during 
control operations, and control method used (Gunter 
2008). Hunters could at times not attend to call-outs 
due to similar commitments in another part of the 
district.
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Although seemingly well-coordinated, the success 
of predator control operations seems to have been 
measured in terms of numbers of predators killed 
or immediate discontinuation of livestock losses. 
Research efforts focused mainly on developing 
control methods, while the data from the hunt clubs 
were used primarily for assessing the damage caused 
by wild animals on farms (Anonymous 1977/1978). 
There appears to have been a lack of focus on the 
longer-term impact of specific control measures and 
methods on predators and livestock.

Withdrawal of government assistance to agriculture 
led to dismantling of the Problem Animal Control 
Division of the Cape Department of Nature 
Conservation in 1987 (Carruthers & Nattrass 2018; 
De Waal 2021). The responsibility of predation 
management shifted more toward the private sector, 
with no incentive to keep records of these activities. 
The Black-backed jackal (Lupulella mesomelas) and 
Caracal (Caracal caracal) are the most common 
damage-causing predator species in South Africa, 
with indications that predation has spread widely 
(Avenant & Du Plessis 2008; Van Niekerk 2010; 
Bergman et al. 2013; De Waal 2017; Turpie & 
Babatopie 2018). According to farmers, predation 
on livestock has reached unacceptable levels. Van 
Niekerk (2010) and Badenhorst (2014) showed 
the negative impact of livestock predation on the 
South African economy. Predation jeopardises the 
sustainability and economic viability of livestock 
production on some farms (Strauss 2009). However, 
detailed information on predation management as 
it is currently practised is not readily available. 
This lack of information limits our understanding 
of the impacts of predation on livestock farming, 
the direct and indirect effects of livestock farming 
and predator control on the numbers, distribution 
and behaviour of Black-backed jackal and Caracal, 
thus hampering attempts at formulating practical 
predation management strategies.

This study forms part of the Canis-Caracal Programme 
(CCP), which aims to find solutions to reduce the 
widespread impact of predation on livestock and 
wildlife in South Africa (De Waal 2021). In line with 
the CCP’s goal of learning lessons from the past (De 
Waal et al. 2006), the focus is on analysing historical 
data from government-subsidised hunt clubs. Previous 
studies investigating the role of individual subsidised 
hunt clubs in managing predation concluded that 
predator control led to increased future predation 
(Conradie 2012; Bailey & Conradie 2013; Conradie 
& Piesse 2013), citing predator populations and 
demographic compensation, among others, to be 
responsible for the increase. Examining a more 
extensive set of data (including the data examined by 
Bailey & Conradie 2013), Gunter (2008) argued that 
although predation appeared to increase, sparse and 
inconsistent data in the data sets, as well as the lack 
of supplementary data such as farming practices in the 

area at the time impeded meaningful investigation into 
the cause-and-effect of predation and predator control.

MATERIALS AND METHODS 

Study area

The Mossel Bay District falls within the winter rainfall 
region of South Africa. However, a proportion of the 
rainfall also occurred in summer during the 16 years 
covered by this study (Gunter 2008). Rainfall peaks 
were recorded in the study area in April, May, and 
again in August, October, and November (Gunter 
2008). Annual rainfall in the study area varied from 
a minimum of 299 mm to 806 mm during the period 
covered by the hunt reports from the two hunt clubs 
(Gunter 2008). Mild temperatures are experienced 
throughout the year, with relatively hot days (30 – 40 
°C) in summer, and frost being limited to about three 
days per year (Mucina & Rutherford 2006).

Rivers cut deep gorges into the landscape. The 
largest river in the study area, the Gourits River, 
forms the western boundary and the Great Brak 
River forms the eastern boundary of the Mossel Bay 
district. The Langeberg mountain range forms the 
northern boundary. The vegetation in the gorges is 
characteristically different from that of the surrounding 
level country (Wicht 1945; Acocks 1988).

Procedures

Hunt reports from the Mossel Bay Central and Cooper 
hunt clubs in the Mossel Bay district of the Western 
Cape Province of South Africa (Fig. 1) were selected 
because they represented the most complete set of data 
retrieved from official sources in the erstwhile Cape 
Province of South Africa (De Waal 2021). These hunt 
clubs provided technical assistance in the control of 
damage-causing animals to farmers in the Mossel 
Bay district, as well as at five individual farms in the 
neighbouring Riversdale district to the west. The hunt 
reports available for the Mossel Bay Central hunt club 
covered the period October 1976 to May 1992, while 
hunt reports available for the Cooper hunt club covered 
the period October 1976 to March 1988.

Predation data in the reports were used to investigate 
whether it was possible to establish the level of 
success of predator control conducted by subsidised 
hunt clubs and to reflect on whether such data could 
provide insights into predation-predator control 
relationships or patterns. The data were analysed on 
both a district level and farm level, to illustrate the 
differences between data at different scales. Hunting 
activities were plotted on a map of the study area and 
scrutinised for spatio-temporal patterns to investigate 
cause-and-effect of predation management and 
future predation incidents. The data were subjected 
to Spearman Rank correlations to assess the 
relationships between predation by each predator 
species and hunting activities to control that species. 
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Figure 1. Areas covered by the Mossel Bay Central and Cooper hunt clubs, Western Cape Province, 1976 to 1992. The red line indicates the 
approximate boundary between the areas of activity of the two clubs.

Predation problems are not uniform across all 
livestock farming systems (Strauss 2009), and in areas 
where grazing camps are fenced, and sheep are not 
kraaled at night, predation may be a bigger problem 
than in areas where herding is practiced (Hawkins 
2012). However, information on the farming systems 
and general farm or livestock management practiced 
in the area during the study period is not readily 
available (Q. Kruger personal observation; S. Cloete, 
specialist scientist, Western Cape Department of 
Agriculture, personal communication to Q. Kruger, 
July 2021). Such data was also not available for 
individual farms and could therefore not be included 
in analyses. Factors impeding analysis of such 
historical data are discussed to highlight specific data 
necessary for future studies aimed at formulating 
effective predation management strategies.

Each farm name identified in the hunt reports was 
assigned a unique number. Analysis only included 
instances when actual or suspected predation on small 
livestock was reported, excluding instances of livestock 
reported as missing (≈ no indication if predation was 
suspected), died of natural or unknown causes, or where 
the number of predation losses was not specified.

Specific criteria were applied to isolate farms for 
investigating the long-term effects of predation and 
subsequent predator control operations undertaken 
on farm level, namely: (a) farms with the largest 
continuous set of available data covering the entire 
period during which each hunt club was operational; 
(b) farms that were associated with a single farmer’s 
name throughout the dataset suggesting that the 
farmer was a member of the hunt club throughout 
the study period; (c) farms with the most complete 
(detailed) set of consistently recorded data; and 
d) farms that could be positively identified from 
maps in the possession of the hunt clubs, 1:50 000 
topographic maps, or ArcGIS geospatial information 
available from the University of the Free State 
Geography Department.

Based on these criteria, data were isolated for 
only two farms for farm-level analysis, namely: 
(a) Farm 66 (Mossel Bay Central hunt club; size: 
ca 1200 ha) was recorded in the hunt reports from 
November 1976 to September 1990, and (b) Farm 
92 (Cooper hunt club; size: ca 1500 ha) appeared 
in the hunt reports from October 1976 to December 
1987.
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RESULTS

Limitations of the data set

Several issues and shortcomings impeded analysis 
of the data. The first and main challenge in using 
historical data was determining the location of farms 
(see also Gunter 2008). Farm names recorded in 
combination with multiple owner names further 
complicated identification of farms. In these cases, it 
was unclear whether (a) the farm names referred to the 
same farms, (b) a farm may have changed owners over 
time, (c) the “owner name” referred to the name of the 
owner or a representative (such as the farm manager) 
reporting livestock losses, (d) whether farms were, in 
fact, different farms, or (e) whether the farms were 
subdivisions of the same farm. Furthermore, some 
farm names appeared infrequently in the hunt reports 
of these two hunt clubs, and it was not always clear 
whether the owners of these farms were “permanent” 
members or non-members occasionally requesting 
support from the hunt clubs.

Hunt reports were not available for each month of 
the respective periods covered by each hunt club, 
creating the impression of reduced predation and 
predator control at times. Failure of numerous hunt 
clubs to submit hunt reports on a regular basis 

was a major concern since the 1970s (Anonymous 
1977/1978). Furthermore, besides the inadequate 
format of hunt reports for scientific analysis of the 
recorded data (see Gunter 2008), interpretation of the 
results remains open to speculation due to incomplete 
or inconsistently completed hunt reports, as well as 
the fact that the efforts and results of private control 
by farmers and their neighbours have not been 
included, nor all their losses.

Hunt clubs operated across boundaries (Fig. 1; Fig. 
2; Stadler 2006). District-level analysis revealed that 
some farms were serviced by hunters from both hunt 
clubs during the period in which both hunt clubs were 
active (Gunter 2008). Therefore, analysing the data 
on farm-level separately for each hunt club (as in 
Conradie 2012; Bailey & Conradie 2013) may be of 
limited value.

Since predation losses and predator control was 
linked only to a farm name in the hunt reports, 
these numbers are collectively represented by a 
single pair of GPS co-ordinates (see Fig. 2; Gunter 
2008). Therefore, individual instances of livestock 
losses and predator control could not be investigated 
on farm level to determine specific habitat and 
vegetation types where the incidences occurred, or 
how it influences livestock losses or predator control. 20 
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Subsequently, the relationship between predation 
and the control of predators per farm or between 
neighbouring farms could also not be investigated. 
Despite these shortcomings, however, the data 
provided valuable insight into major aspects of 
predation and predator control activities (see below).

District-level analysis

Nearly half (49.2%) of all small livestock losses were 
reported for 16 of the 132 farms identified from the 
hunt reports (Fig. 2). Each of these farms reportedly 
experienced losses of more than 50 head of small 
livestock (average: 63.7 losses per farm, range: 56–
116) during the 16 years covered by the hunt reports. 
At the other end of the spectrum, on 36 of the farms 
only a single sheep or goat was reportedly killed 
during this period. Both the predation losses and 
predators removed on each of the farms are shown 
in Fig. 2.

The extent of damage and relative impacts of the 
various predators fluctuated markedly between years 
(Fig. 3). Generally, predation occurred throughout 
the year, with a peak during autumn and winter 
(April – August). However, there was considerable 
variation in monthly predation from one year to the 
next (Gunter 2008), and farm-level analysis revealed 

The low numbers (Fig. 3 - livestock losses, and Fig. 4 
- predator control) for 1976 and 1992 are due to only 
a few hunt reports being available for the Mossel Bay 
district during these years (Gunter 2008). Similarly, 
the sharp drop in numbers from 1988 to 1992 is 
because of only one hunt club being operational 
during this period.

that seasonal predation varied between farms as well.

Caracal was the primary damage-causing predator 
species in the Mossel Bay district, reportedly 
responsible for 70% of all small livestock losses 
(Fig. 3). Second to Caracals, Honey badgers 
(Mellivora capensis) were responsible for large 
numbers (18.7%) of small livestock losses, followed 
by vagrant Dogs (Canis familiaris) (6.1%) and 
Black-backed jackals (2.1%). Some hunt reports, 
especially during 1987 and 1989–1990, contained 
accounts of livestock losses in which the predator 
responsible for the losses was not specified, or 
the hunter indicated that it was not known which 
predator species was responsible for the loss. These 
cases are represented in Fig. 3 by “Uncertain” 
and comprised 1.7% of the total small livestock 
losses. A few individual instances were recorded 
in which other predators, such as African wild 
cats (Felis silvestris lybica) genets (Genetta spp.), 

Figure 5. Spearman Rank correlations between livestock losses caused by specific carnivores and the number of the same carnivore species 
killed during the follow-up operations in the Mossel Bay Central and the Cooper hunt clubs (1976–1992).
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Farm-level analysis

Records available for Farm 66 covered a longer period 
than for Farm 92. Although only five more predation 
incidents were recorded for Farm 66, the number of 
losses were much higher (144 losses, vs 72 on Farm 
92). On average 2.4 (range: 1–6) small livestock 
losses were reported per predation incident (Table 
1), with an average of 84 days between predation 
incidents. Caracals were reportedly responsible for 
70.7% of small livestock losses on Farm 66, with 
Honey badgers causing 18.1% of the losses. Caracal 
comprised 88.9% of all predators caught (Table 1). 
Considering only the small livestock losses ascribed 
to Caracal and subsequent control of Caracal for 
Farm 66, control seemed to be fairly effective, with an 
average of 236.1 days (ca eight months) between the 
removal of a Caracal and the next reported predation 
incident ascribed to Caracal.

Otters (presumably Aonyx capensis) and a Leopard 
(Panthera pardus), were reportedly responsible for 
killing small livestock. These losses were grouped 
as “Other” (Fig. 3) and comprised 1.3% of reported 
small livestock losses.

Throughout the study period, the two hunt clubs 
showed a high success in removing Caracals 
and Honey badgers during control operations in 
response to predation, as indicated by the positive 
correlations shown in Fig. 5 between the annual 
livestock losses and the number of caracal (r=0.830; 
p<0.0001), and honey badgers (r=0.709, p<0.005) 
killed. However, hunt clubs appeared to have had 
relatively little success in removing Cape foxes and 
Black-backed jackals (Figs 4 and 5). Fewer Honey 
badgers than Caracals were removed, proportional 
to the damage they caused (Fig. 5). According to 
comments recorded by hunters in the hunt reports, 
Honey badger control was more challenging than 
controlling Caracals, while hunting Black-backed 
jackals was markedly more difficult.

Table 1. Small livestock losses ascribed to different predator species, the number of predation incidents reported, and predators removed 
during control operations on Farm 66 (Mossel Bay Central hunt club), and Farm 92 (Cooper hunt club).

Farm 66

Nov 1976 – Sep 1990 (~14 years)

Farm 92

Oct 1976 – Dec 1987 (~11 years)
Livestock 
losses

Total Caracal Honey 
Badger

Uncertain Vagrant 
dog

Total Caracal Honey 
Badger

Cape Fox

Sheep 75 29 31 5 10 9 7 2 0
Lambs

Total

69

144

67

96

0

31

0

5

2

12

63

72

59

66

2

4

2

2
Predation 
incidents

61 44 12 3 2 56 51 3 2

Predators 
removed

28 25 3 - 0 53 50 1 2

On Farm 92, an average of 1.3 (range: 1–2) small 
livestock losses were reported per predation incident, 
with an average of 74.4 days between predation 
incidents. Caracal were reportedly responsible for 
90.8% of livestock losses on Farm 92, followed by 
Honey badger (6.2%). Caracal comprised 94.2% 
of all predators caught (Table 1). Caracal control 
seemed effective in terms of the number of Caracals 
removed in response to reported livestock losses, yet 
less effective in terms of reducing future predation by 
Caracal, with an average of 86.7 days (2.9 months) 
between the removal of Caracal and the next livestock 
losses attributed to this predator species.

Despite reportedly being more difficult to control, 
removal of Honey badgers appeared to be more 
effective in reducing subsequent predation by this 
predator. When a Honey badger was removed, no 
further predation by this species was reported for ca 
3.5 years for Farm 66 and Farm 92.

DISCUSSION

District-level analysis

Hunters from the government-subsidised hunt clubs 
only recorded livestock losses reported to the hunt 
club and the predator control activities conducted 
by the hunt club in response to these losses (Brand 
1989; Gunter 2008; De Waal 2021). These efforts 
were in addition to farmers’ own control measures 
(farmers W. Basson, W. de Villiers, J. Kirsten, F. 
Duckitt, P. Duckitt and R. Burger, Swartland District, 
personal communication to N. Avenant 1989; S. 
Hanekom, “problem animal hunter” for the Cape 
Provincial Administration, personal communication 
1989 to N. Avenant; P. Geldenhuys, CPA Nature 
Conservation official, personal communication to N. 
Avenant 1990). The help of hunt clubs was often only 
called in when farmers had a specific problem that 
they could not solve themselves. Comments in the 
hunt reports support the findings of Brand (1989) of 
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higher predation losses in an area than that calculated 
from hunt reports. The data from the hunt reports 
therefore provide some valuable information on the 
extent of livestock losses and predator control in an 
area (Fig. 2), but do not provide a true reflection of 
the situation of losses or predators killed on a farm 
or district level; especially when taking into account 
the large distances that can be covered in one night 
and the large home ranges of e.g. caracal (ranging 
between ca. 20 and 300 km2, depending on a range 
of environmental variables) (Avenant et al. 2016). 
This includes the calculation of livestock losses as 
a proportion of the total livestock herd or flock (as 
presented in Conradie 2012). Analysis of the records 
is thus affected (Brand 1989), rendering some 
conclusions questionable.

The finding that some farmers suffered high levels of 
predation while nearby farmers experienced few or 
no losses (Fig. 2) concurs with other studies in South 
Africa (Lawson 1989; Avenant 1993; Brand 1993; 
Deacon 2010; Van Niekerk 2010) and elsewhere 
(France - Stahl & Vandel 2001, as cited by Macdonald 
& Sillero-Zubiri 2002; Australia - Allen & Fleming 
2004; USA - Breck & Meier 2004, Mitchell et al. 
2004). However, it is possible that on at least some 
farms with low predation levels, the services of a club 
were only called in when predation persisted despite 
control efforts by the farmers, and external help was 
needed to control a specific problem. All predation 
incidents on a specific farm being linked to the same 
pair of GPS co-ordinates also precludes investigation 
into the influence of habitat and vegetation types 
on predation or predator control. Specific locations 
for each predation incident and predator removal, 
combined with detailed information on farm and 
husbandry practices on individual farms, is necessary 
to investigate the reasons for predation on some 
farms being much higher than on others.

The nature of the data in the hunt reports precludes 
possible explanation for the observed peaks in 
numbers (Figs 3 and 4) for 1980 and 1987. Rainfall 
does not appear to have a marked effect on livestock 
losses (Gunter 2008), as was also noted in the study 
by Brand (1989), suggesting that other environmental 
factors may also have been at play. The elevated 
predation levels during autumn and winter months 
(Gunter 2008) agree with the findings of other studies 
(Rowe-Rowe 1975; Stuart 1982; Avenant & Nel 
2002; Melville et al. 2004). These studies coupled 
seasonal trends in predation losses to lambing season, 
low natural prey densities, and the time when Caracal 
young start to eat meat.

Hunters reported that conditions were unsuitable 
for hunting with hounds during dry periods (for 
example, May 1978 and June 1979), or hot and dry 
climatic conditions (September to February), in some 
cases preventing hunters from performing predator 
control. According to reports from the Cooper 
hunt club, inclement weather during 1979, 1981 

and 1982 prevented the hunter from carrying out 
predator control on several occasions. These cases 
may explain the troughs in the numbers of predators 
removed during these years (Fig. 4).

Information such as the sex of predators removed 
during control operations has provided valuable 
insights into the biology and ecology of different 
species of damage-causing animals, which may, in 
turn, facilitate species management (Bothma 1971; 
Knowlton 1972; Bernard & Stuart 1987; Brand 
1989). However, although the hunt reports made 
provision for recording the sex of predators, hunters 
often neglected recording such specifics. The fact 
that reproductive status, condition, and age were also 
not documented, prevents investigation into possible 
underlying reasons for predation, or methods more 
successful in controlling predators in a particular 
phase of their annual life cycle (Brand 1989; Kruger 
2019).
The positive correlations between the annual 
livestock losses and the number of Caracal and Honey 
badgers killed (Fig. 5) may suggest that livestock 
losses increased with caracal and Honey badger 
control (see Conradie 2012, Bailey & Conradie 2013 
and Conradie & Piesse 2013) or vice versa. However, 
correlation does not indicate causation, especially in 
this case where there are so much missing data and 
many uncertainties. Earlier research from different 
areas in South Africa (Stuart 1982; Moolman 
1986; Deacon 2010) noted an apparent increase in 
predator numbers, even though intensive control 
efforts were implemented. Increased predator 
numbers may be attributed to non-selective or 
intensive control efforts or compensatory breeding 
and immigration (see Avenant & Du Plessis 2008; 
Minnie 2016). However, a better understanding of 
the ecological outcome of different management 
strategies is essential for formulating more targeted, 
effective predation management tools and strategies 
(Wilkinson et al. 2020) and reasons for increased 
predation losses. Lack of supporting ecological 
data (e.g. estimates of predator population size 
and trends for the period covered by this study) 
also precludes any conclusions being drawn about 
such direct influences on predators in the area. 
Furthermore, it is unclear whether the increase in 
predators killed noted in this study may be because 
of farmers increasingly relying on hunt clubs for 
predator control instead of controlling predators 
themselves.

In this study, the first account of damage caused 
by Black-backed jackal was recorded during 1986 
by the Cooper hunt club. During 1989, the hunter 
reported that Black-backed jackals started causing 
a great deal of damage. During the same time, the 
damage due to Caracal decreased markedly, as did 
the number of Caracal killed. Once again, it appears 
to lend support to other reports which state that the 
numbers of one intra-guild predator species, such as 
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Caracal and Black-backed jackal, increase where the 
numbers of the other are reduced (Hey 1964; Pringle 
& Pringle 1979; Stuart 1982; Avenant 1993). But with 
the many unknowns, the influence of each of these 
predator species on the numbers and distribution of 
the other cannot be confirmed. Reports from the Cape 
Department of Nature Conservation confirmed the 
presence of Black-backed jackals in adjacent districts 
and districts further inland (Anonymous 1961; 1964; 
1966; 1969–1970). But the lack of location data for 
farms on which Black-backed jackal predation was 
reported (1986–1991), as well as the relatively short 
data period, precludes investigation into possible 
influx of this species into the study area as a result of 
Caracal control.

Capture rate can be calculated if the start and end 
dates of each control operation are known (Brand 
1989). Gunter (2008), Conradie (2012) and Bailey 
& Conradie (2013) calculated hunt success from the 
number of hunts and the number of predators caught, 
as recorded in the hunt reports. However, with the 
limitations of the data sets (notably the absence of 
specific dates in some hunt reports, and the fact that 
farmers’ own control methods could not be taken into 
account while the official hunter could not attend to 
all incidents), it is doubtful that hunt success can be 
accurately depicted. Therefore, considering hunting 
effort recorded in historical hunt reports to draw 
correlations between livestock losses and predator 
control, as in Bailey & Conradie (2013) and Conradie 
& Piesse (2013), is not advisable.

Farm-level analysis

Farm 66 (Mossel Bay Central hunt club) lies in an 
area with more slopes, valleys and denser vegetation 
than the area in which Farm 92 (Cooper hunt club) 
is located. Such habitat features are known to be 
preferred by predators, including Caracal (Stuart 
1982; Moolman 1986; Brand 1989; Deacon 2010; 
Minnie et al. 2015), which may explain the higher 
livestock losses reportedly experienced on Farm 66 
than on Farm 92. The distribution of livestock losses 
attributed to predation has been linked to topography, 
climate, farming practices in an area, and in adjacent 
areas (Lensing & Joubert 1976). The lack of detailed 
location and supporting data on these and other 
factors that may influence predation precludes 
further investigation into possible reasons for higher 
predation in some areas vs others, or during certain 
times (Treves et al. 2004).

The disproportionate removal of predators 
relative to predation losses reported for Farm 92 
(1 removed: 1.36 losses) vs Farm 66 (1:5.14), 
creates the impression that hunt success on Farm 
66 was lower. However, the use of a variety of 
control methods, namely hounds, cage traps and 
foothold traps by the Cooper hunt club, may have 
contributed to the higher numbers of predators 
removed by its hunter. Predation losses were 

reduced considerably more, and for longer periods, 
on Farm 66 compared to Farm 92. Hunters from 
the Mossel Bay Central hunt club may have been 
more selective in their approach to predator control 
through swift response to damage reported and the 
use of mainly hounds for predator control (Gunter 
2008). This method can be selective, provided that 
fresh scent be picked up close to a freshly killed 
prey carcass (Van der Merwe 1953; Stuart 1982; 
Brand 1989). Differences in hunt success can also 
be ascribed to differences in habitat and (therefore) 
predator home range sizes (Brand 1989), but is 
further influenced by the training, experience, 
motivation and preference of the hunter (Stuart 
1982; Ferguson 1986; Brand 1989). In the present 
study, it is evident that the method of predator 
control used depended on the preferences of the 
different hunters.

CONCLUSIONS

Hunt reports used by the Cape Department of Nature 
Conservation present a consistent method of data 
collection, which is crucial to researching human-
predator conflict (Graham et al. 2005). However, 
although research was an important function of the 
Cape Department of Nature Conservation, hunt 
reports were not used for this purpose.

On the district level, hunt club data are partially useful 
to determine the extent and distribution of predation 
and predator control, which may aid in identifying 
predation hotspots (Gunter 2008). However, due to 
hunt reports not covering all predation incidents, 
nor any private predation management activities, 
failure of numerous hunt clubs to submit hunt reports 
regularly, and the inconsistent manner in which 
individual hunters completed hunt reports (Gunter 
2008), such data do not provide an accurate portrayal 
of the situation. Also, as predation and predator 
control due to predation cannot be linked to accurate 
GPS coordinates, and information on predation 
management on farms is lacking, the data are not 
suitable for determining cause-and-effect of predator 
control.

Farm-level data illustrates the differences in the 
predation and predator control situation from one 
farm to the next. Differences between results on 
district and farm levels also highlight the crucial role 
that farm-level data may play in informing sound 
predation management practices. However, long-
term spatiotemporal data collected over large areas, 
covering the myriad factors affecting predation and 
the management or control of predators, are necessary 
to allow better analyses and modelling predation risk 
(Treves et al. 2004; Graham et al. 2005; Kolowski 
& Holekamp 2006; Gunter 2008; Dar et al. 2009; 
Behdarvand et al. 2014; Davie et al. 2014; Pimenta et 
al. 2018), and ultimately inform practical predation 
management strategies. Information on the physical 
and managerial characteristics of farms and other 
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non-lethal predation management strategies (Brand 
1989; Thorn et al. 2012; Du Plessis 2013; Du Plessis 
et al. 2018; Kruger 2019) is crucial, since human-
predator conflicts do not constitute simple predator-
prey interactions (Graham et al. 2005).

With the latest computer, GPS and cell phone 
technology, it has become possible to collect 
continuous spatiotemporal data over large areas 
and in real-time (Kruger 2019). Therefore it is also 
possible to determine and benchmark the current 
situation regarding predation over large areas in 
South Africa, monitor predation management, 
identify trends, and ultimately formulate more 
effective predation management strategies (Kruger 
2019). Future efforts at predation management, which 
also includes stronger focus on farm and livestock 
management practices, will benefit from a national 
framework driven by an authoritative body. The 
framework applied by the Problem Animal Division 

of the Cape Department of Nature Conservation to 
manage damage-causing wildlife could, for example, 
be revisited to ensure that more extensive data are 
collected, preserved, and made available for research 
to improve predation management in South Africa. 
The human-predator conflict in South Africa is part of 
a complex ecological and economic process (Graham 
et al. 2005), and requires a strong focus on social 
aspects of human-wildlife conflict and, especially, 
cooperation between stakeholders (Avenant et al. 
2006; Du Plessis 2013; Kruger 2019; Terblanche 
2020).
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Abstract
Assessing and estimating the total financial implications of predation in the livestock farming sector of South Africa is essential 
in implementing a national system of coordinated predation management and providing information to aid the livestock 
production sector. The main objective was to estimate and assess the financial implications of livestock predation in South 
Africa. Data from previous studies were used as a benchmark and then predicted/updated to estimate the possible financial loss 
experienced by livestock producers due to predation losses in 2019, assuming the small and large livestock sectors respectively 
accounted for 13% and 1% of predation losses (at the highest predation levels experienced by livestock producers). Predation 
losses for small and large livestock were highest in the Northern Cape and KwaZulu-Natal Provinces. The Western Cape 
Province was the least affected by predation. Most predation losses occurred with lambs/kids between lambing and weaning. 
Data from previous studies were used as benchmark and then predicted/updated to estimate the cost of predation in 2019, 
assuming the small and large livestock sectors respectively accounted for 13% and 1% of predation losses. The direct cost of 
predation losses for small and large livestock, respectively, amounted to ZAR2 710 million and ZAR511 million. It is suggested 
the only meaningful way to reduce the cost of predation at a national level is by implementing a system of coordinated predation 
management in South Africa. However, the first step is to understand the financial and economic implications that predation has 
on the livestock and associated economic sectors in the South African economy.

KEYWORDS: Financial cost, gross domestic product - GDP, large livestock, management system, predation, small livestock

INTRODUCTION

Predation is a stark reality in many parts of the world 
and farmers of small and large livestock experience 
huge losses due to predation. De Waal (2020, 2021) 
provided a comprehensive historic timeline of 
predation in South Africa. Predation usually becomes 
problematic where there is competition for the same 
natural resource (Moberly et al. 2003). Two medium-
sized predators, the Black-backed jackal Lupulella 
mesomelas (De Waal 2017) (previously known 
as Canis mesomelas, Atickem et al. 2017) and the 
Caracal Caracal caracal are important predator 
species and are also essential components of South 
African wildlife (De Waal 2009; Du Plessis 2013).

Considerable research has been conducted in several 
countries, including South Africa, on the extent of 
predation on domestic animals and the resulting 
marked damage caused in this and in related sectors 
including wildlife ranching (Schepers 2016). Most 
literature indicated that there was a direct financial 
implication from animal losses due to predation on a 
producer level, whether it was domesticated livestock 
or wildlife (Moberly 2002, Zimmermann et al.  2005; 
De Waal 2009; Thorn et al. 2012; Wielgus & Peebles 

2014). In South Africa, the direct financial cost 
experienced by producers due to predation losses 
in the small livestock (sheep and goats) sector was 
estimated at over ZAR1 390 million (Van Niekerk 
2010). By contrast, direct costs of large livestock 
(cattle) predation losses exceeded ZAR393 million 
(Badenhorst 2014).

About 80% of the land available in South Africa 
for agriculture comprises arid and semi-arid 
natural pastures (veld) that can only be utilised by 
herbivorous animals such as grazing ruminants (De 
Waal 1990; DAFF 2017). Therefore, livestock is the 
primary income source for farmers in the arid and 
semi-arid areas of South Africa. Livestock plays 
an essential role in the rural agriculture of South 
Africa, with associated activities rippling through 
the entire economy. In 2017/2018, agricultural 
production accounted for more than 2.2% of the 
gross domestic product (GDP) of South Africa. 
The gross value for agricultural products was 
estimated at ZAR277 078 million in 2018/2019, 
with animal products, horticulture products, and 
field crops contributing 49.2%, 30.3%, and 20.5%, 
respectively, to the gross value of agricultural 
production (DAFF 2019).

Manuscript processed and edited by Brigette Cohen (Editor-in-Chief). https://doi.org/10.38140/00679208/indago.v37.a2
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The profit of a livestock farmer is a function of the 
number of animals born against the number of animals 
lost between birth and sales. Such losses include those 
ascribed to predation, disease, stock theft, drought, 
as well as other mortalities (Moberly et al. 2003b; 
Strauss 2009; Lombard 2016; Du Plessis et al. 2015). 
A livestock farmer typically aims to minimize losses, 
including predation losses, in order to maximize 
profits. 

The economic implications of predation can be divided 
into different stages: firstly, the livestock farmer 
faces the direct physical losses of animals. Then, in 
combination with the direct production losses, are the 
additional indirect costs associated with management 
strategies to reduce the level of predation (Moberley 
2002; Van Niekerk et al., 2016). The second stage, 
which is mostly overlooked, relates to economic “spill 
overs” or induced effects on the livestock industry 
and related sectors and is to a considerable extent 
transferred to the end consumer (Bodenchuk et al. 
2000; Shwiff & Bodenchuk 2004). Many management 
techniques and strategies are available to prevent 
predation losses; however, resources devoted to 
preventing livestock losses are likely to be traded off 
against the cost of those losses. For example, a farmer 
must decide what strategy or level of preventive 
measures will be used and implemented; this choice 
will differ between farmers and across regions (Van 
Niekerk 2010; Badenhorst 2014).

The effectiveness of various predation management 
techniques are questionable when done in isolation or 
in an uncoordinated manner (Ray et al. 2005; Darrow 
et al. 2009; Du Plessis et al. 2015). Implementation 
of a nationally coordinated predation management 
strategy has been shown to be optimal at reducing 
predation losses on a national level in South Africa 
and abroad (Shwiff & Merrell 2004; Avenant & Du 
Plessis 2008; De Waal 2009, 2015, 2020, 2021). 
The implementation of such a national system of 
coordinated management will entail a considerable 
investment of capital and resources, which can be 
provided from government or must be generated 
by producers’ organisations. By understanding and 
estimating the financial losses (direct and indirect) 
experienced by livestock producers a more complete 
representation of predation losses can be calculated 
in the livestock producing sector of South Africa.

MATERIAL AND METHOD

Study area and data 

Research on predation losses in the small livestock 
(sheep and goat) sector focused on the five primary 
small livestock producing provinces in South Africa, 
namely the Eastern Cape, Free State, Northern 
Cape, Mpumalanga, and Western Cape. At the time, 
these five provinces accounted for over 90% of the 
estimated sheep population and over 55% of the goat 

population (Van Niekerk 2010). Badenhorst (2014) 
investigated the economic implications of predation 
on large livestock (cattle) by surveying over 86% 
of the national cattle herd located in the Northern 
Cape, Free State, Eastern Cape, KwaZulu-Natal and 
Mpumalanga provinces, as indicated by a map of 
South Africa in Figure 1.

Figure 1. Map of South Africa showing the nine provinces. Source: 
www.touropia.com.

It should be noted that in the studies of Van Niekerk 
(2010) and Badenhorst (2014), livestock numbers 
only included those owned by commercial livestock 
farmers. In the current study the livestock predation 
losses were updated by using current livestock 
numbers in South Africa for 2019, provided by the 
South African Department of Agriculture Land 
Reformed and Rural Development (Figs. 2 to 5), and 
assuming the level of predation remained constant 
for 2019. However, it must be noted that livestock 
numbers decreased towards the end of 2019, because 
of severe drought in large parts of South Africa (Maré 
et al.  2018). In Figs. 2 to 5, the livestock numbers 
in South Africa reported by Van Niekerk (2010) and 
Badenhorst (2014) are compared with the updated 
livestock numbers of 2019.

DATA COLLECTION

Van Niekerk (2010) used stratified random sampling 
to collect primary data on predation losses experienced 
by small livestock producers in the five largest small 
livestock producing areas of South Africa. A total 
of 1 500 small livestock farmers were sampled. 
Sampling for each province was drawn based on the 
percentage that each magistrate district contributed 
to the total small livestock population (the percentage 
distribution was based only on estimated sheep 
numbers). A structured questionnaire was developed 



33Indago Vol. 37 (2021)

Figure 2. Comparison of South African sheep (small livestock) numbers in 2007 and 2019. From van Niekerk (2010) and DALRRD (2019).

Figure 3: Comparison of South African goat (small livestock) numbers in 2007 and 2019. From van Niekerk (2010) and DALRRD (2019).
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Figure 4. Comparison of South African large livestock (cattle) numbers in 2012 and 2019. From Badenhorst (2014) and DALRRD (2019).

Figure 5. South African livestock (cattle, sheep, and goats) numbers fell markedly in November 2019 due to severe, nation-wide drought condi-
tions. From DALRRD (2019).

to obtain relevant information during short telephone 
interviews; data collected covered the years 
2006/2007 (Van Niekerk 2010). The questionnaire 
included questions on management, type of losses, 
control methods, and topography of the farms.

Badenhorst (2014) followed a similar approach to 
that developed by Van Niekerk (2010), allocating 

the number of farmers per province included in 
the random survey according to the distribution of 
the national cattle herd. Seven provinces, namely 
Northern and Eastern Cape, Free State, KwaZulu-
Natal, Mpumalanga, Limpopo and North-West 
participated. The two mentioned studies of Van 
Niekerk (2010) and Badenhorst (2014) differed 
in terms of the sample area; in the former, it was 
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assumed that the predation losses occurred primarily  
in small livestock producing areas, while in the latter 
the extent of predation losses occurring in large 
livestock was unknown, which led to the inclusion of 
all provinces of South Africa. The Western Cape and 
Gauteng provinces opted not to participate. Again, 
a structured questionnaire (Badenhorst 2014) was 
developed in line with the study by Van Niekerk 
(2010) to obtain information on predation for 
cattle farmers. A random sample of 1 500 cattle 
farmers was surveyed by telephone over a period 
of two production seasons. However, Badenhorst 
(2014) gave more attention to the indirect costs of 
predation than Van Niekerk (2010). The indirect 
costs of predation included the use of non-
lethal and lethal methods to prevent or minimise 
predation.

For this paper, livestock numbers (small and large) 
were updated using recent data from DALRRD 
(Department of Agriculture Land Reform & 
Rural Development 2019). These livestock 
numbers include commercial and non-commercial 
(communal and traditional forms of livestock 
holdings) producers and are illustrated in Figs. 1 to 
3. The values for head of livestock lost was updated 
using data from the National Livestock Theft Forum, 
for 2019, to estimate total losses due to predation 
in South Africa. These recent values are compared 
to estimates of predation costs (direct and indirect) 
from Van Niekerk (2010), Badenhorst (2013) and 
Schepers (2016). 

METHODS

The financial impact (direct cost) of predation losses 
was calculated as the total number of animals lost 
annually as follows.

L = R x S     (1)

Where L represents the level of predation losses 
experienced by producers, R represents the 
percentage of predation losses (%), S the total 
number of livestock in the area or province. Once 
the total losses are determined a monetary value of 
losses due to predation can be calculated as:

C = L x P     (2)

Where L represents the total number of livestock 
lost due to predation per year, P the monetary value 
allocated (per head) to livestock lost and C the 
total direct losses incurred by livestock producers. 
The same approached was followed by Lombard 
& Bahta (2019) in order to estimate the economic 
impact of sheep and goat theft in South Africa.  

Data for the variables in equations 1 and 2 was 
obtained from various sources as explained below. 

As of 2020, the National Livestock Theft Forum 
valued one head of small livestock (sheep) at 
ZAR2 000, one head of small livestock (goat) at 
ZAR2 200 and one head of large livestock (cattle) 
at ZAR13 000. These values provided a common 
price per head of livestock, but some over or 
underestimation of economic cost is possible due 
to the different methods of estimating livestock 
values between the analyses utilised in this study. 
Van Niekerk (2010) used ZAR600 for one head 
of sheep and goat younger than six months and a 
value of ZAR1 000 for one head of sheep and goat 
older than six months, where Badenhorst (2014) 
used a value of ZAR10 400 in the case of large 
livestock. 

It is challenging to accurately estimate the indirect 
cost of predation due to the many different 
permutations of predation management employed 
in South Africa. Factors that influence these 
management and farming activities can range 
from the age of the farmer to the topography of 
the area (Van Niekerk 2010; Badenhorst 2014; 
Schepers 2016). The methods and approach used 
for estimating indirect cost of predation used by 
these studies were very simplistic. To calculate 
the capital spent to prevent predation, Badenhorst 
(2014; see Table 2, Column 8) divided the total 
capital spent by the number of cattle in the province 
to obtain a representative value for the province. 
While the indirect costs presented in these studies 
cannot be assumed to represent the entire industry, 
and may be subject to over or underrepresentation, 
it still provides a good indication of costs involved 
in preventing predation. 

To estimate the indirect cost due to damage-causing 
animals for in the livestock sector for 2019, several 
factors must be kept in mind: firstly, there is no 
indication if there was a change in management 
strategies by livestock farmers. Secondly, the 
studies by Van Niekerk (2010), Badenhorst (2014) 
and Schepers (2016), indicate that management of 
damage-causing animals, including aspects such as 
the intensity of management or level of predation, 
differed between segments (small livestock, large 
livestock, or wildlife ranching), as well as between 
provinces and production areas.

The time value of money principal can be used 
to update the financial costs calculated by Van 
Niekerk (2010), Badenhorst (2014) and Schepers 
(2016). According to Louw et al. (2013) the 
time value of money is a fundamental concept in 
financial management. The equation reflects the 
combined influence of interest and time, which 
is essential for financial decision making and to 
understand the value of money in the future, by 
taking into account interest rates and the period of 
time elapsed. To estimate a representative value 
for 2019, the following the formula applied:
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FV = PV (1 + r)n    (3)

Where:  PV = present time value 
 FV = future value
 r = rate of interest 
 n = number of years

The percentage allocation between the indirect 
cost and total cost of predation in large livestock, 
can be used to estimate a possible value for the 
indirect cost of predation for the small livestock 
sector. Indirect costs associated with large 
livestock predation were estimated at 21.4% of the 
total direct cost of predation losses (Badenhorst 
2014). Schepers (2016) indicated a percentage 
contribution to the total cost of predation in the 
wildlife ranching industry of between 13 to 31%, 
keeping in mind the overvaluation of certain 
wildlife species in 2016. However, a simplified 
assumption can be made by keeping the percentage 
distribution for the small and large livestock 
sectors the same, because predation management 
aspects were relatively similar (Badenhorst 2014; 
Schepers 2016).

RESULTS AND DISCUSSION

Small livestock predation losses

It was estimated that small livestock predation 
losses increased from ZAR1 545 million in 2010 
to ZAR2 710 million in 2019. The predation 
losses for 2007 and 2019 in the five primary small 
livestock producing provinces are compared as 
shown in Table 1.

According to Van Niekerk (2010), the five provinces 
represented over 85% of the national sheep and 
goat herds of South Africa. The highest predation 
losses occurred in the Northern Cape province, 
with a total loss of 6% and 13% production. Of 
the five provinces surveyed, the Western Cape 
province was the least affected by predation. 
Most predation losses were incurred in lambs/kids 
between lambing and weaning (younger than six 
months).

Large livestock predation losses

The highest large livestock predation losses, in terms 
of value, occurred in KwaZulu-Natal; this province 
has the second-largest cattle herd of all nine provinces 
(Table 2). Limpopo Province experienced the highest 
predation level (0.89%), followed by North-West 
Province (0.53%). The overall cost of predation losses 
was estimated at ZAR471 million in 2014, without 
considering the indirect cost of predation as calculated 
by Badenhorst (2014). By 2019 it amounted to ZAR511 
million (Table 2), using updated livestock numbers.

Estimating the cost of predation in South Africa is 
challenging due to several factors: (i) the costs of 
conducting research on predation at a national level, (ii) 
the reliability of available data, especially outdated data, 
and (iii) over or underestimation of predation losses. 
Extrapolation of a cost estimate to a national level can 
easily be misjudged although it remains an estimation. 
This is particularly prevalent when calculating indirect 
costs of predation because certain assumptions have 
to be made; for example, it is assumed that predation 
intensity remains constant over time with farmers 
spending the same amount annually on preventing 
predation. Evidence from the literature suggests that 
the indirect cost of predation amounted to over 21% 
(of the total cost of predation) in the large livestock 
sector and varied between 13 to 31% in the wildlife 
sector (Badenhorst 2014; Schepers 2016). An updated 
estimate of the indirect cost of predation for 2019, 
using the equation to calculate future value of money 
(FV, equation 1) in the large livestock sector is shown 
in Table 2. The findings concurred with those of Kerley 
et al. (2018a, b) who highlighted that predation losses 
in South Africa on commercial farms amount to R2.8 
billion per annum; with casualties incurred by small 
livestock producers estimated at R2.34 billion (R1.39 
billion in 2007), and R479 million for large livestock 
producers (R383 million in 2012).

Effect on macro-economic variables

The agricultural gross product value for 2018/2019 was 
estimated at ZAR277 078 million, with animal products 
contributing 49.2% or ZAR136 322 million (DALRRD 
2019). If the estimated value of predation losses for 
2019 is used, the effect of predation on the total value 
of animal contributions in the small and large livestock 
sectors accounted for 2% (Table 1) and 0.37% (Table 
2), respectively. At a macro-economic level, small and 
large livestock predation losses amounted to a decline 
from ZAR136 322 million to ZAR133 101 million in the 
animal contribution of agricultural GDP. This decrease 
accounts for only the direct implications of predation 
in the small and large livestock sectors and does not 
include indirect losses of related macro-economic 
variables. The livestock industry has ripple effects 
throughout the economy of South Africa affecting 
various industries, in many areas, especially isolated 
rural ones, it is the core of the local economy. Predation 
not only influences the viability of livestock production 
but has knock-on effects on the livelihoods of those that 
depend on this industry. Livestock producers generate 
more than 200 000 of the available jobs in agriculture, 
while mixed farming contributes an additional 50 000 
jobs. These statistics do not include agricultural jobs 
created through secondary and tertiary linkages which 
further increases the importance of the red meat industry 
as a contributor to employment (DAFF 2017; StatsSA 
2017). Further, commercial, and non-commercial large 
livestock producers are the sources for South Africa’s 
commercial feedlots, of which there are 100 for cattle 
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Table 1. Financial implications of small livestock predation losses; a comparison between 2010 and 2019.

 

   

Number 
of small 
livestock 
(2007)

Number 
of small 
livestock 
(2019)

Average 
predation 
losses 
(%)

Losses 
due to 
predators 
(2010)

Losses 
due to 
predators 
(2019)

Unit cost 
per animal 
(ZAR) 
(2010)

Uni cost 
per animal 
(ZAR) 
(2019)

Cost of predation 
(ZAR) (2010)

Cost of predation 
(ZAR) (2019)

Eastern Cape province

Sheep < 6 months 7 501 575 6 530 887 11.3 847 678 737 990 600 1 200 508 606 785 885 588 277

> 6 months 7 501 575 6 530 887 0.5 37 508 32 654 1 000 2 000 37 507 875 65 308 870

Goats < 6 months 242 798 206 836 11.3 27 436 23 372 600 1 320 16 461 704 30 851 658

> 6 months 242 798 206 836 0.5 1 214 1 034 1 000 2 200 1 213 990 2 275 196

Total 7 744 373 6 737 723 913 836 795 051 563 790 354 984 024 001

Free State province

Sheep < 6 months 5 055 942 4 518 109 7.4 374 140 334 340 600 1 200 224 483 825 401 208 079

> 6 months 5 055 942 4 518 109 0.2 10 112 9 036 1 000 2 000 10 111 884 18 072 436

Goats < 6 months 260 230 217 475 7.4 19 257 16 093 600 1 320 11 554 212 21 242 958

> 6 months 260 230 217 475 0.2 520 435 1 000 2 200 520 460 956 890

Total 5 316 172 4 735 584 404 029 359 904 246 670 381 441 480 363

Northern Cape province

Sheep < 6 months 6 398 526 5 304 939 12.9 825 410 684 337 600 1 200 495 245 912 821 204 557

> 6 months 6 398 526 5 304 939 0.1 6 399 5 305 1 000 2 000 6 398 526 10 609 878

Goats < 6 months 525 169 469 063 12.9 67 747 60 509 600 1 320 40 648 050 79 872 048

> 6 months 525 169 469 063 0.1 525 469 1 000 2 200 525 169 1 031 939

Total 6 923 695 5 774 002 900 080 750 620 542 817 657 912 718 421

Mpumalanga province

Sheep < 6 months 1 633 752 1 553 872 8 130 700 124 310 600 1 200 78 420 096 149 171 712

> 6 months 1 633 752 1 553 872 0 0 0 1 000 2 000 0 0

Goats < 6 months 98 584 79 193 8 7 887 6 335 600 1 320 4 732 032 8 362 781

> 6 months 98 584 79 193 0 0 0 1 000 2 200 0 0

Total 1 732 336 1 633 065 138 587 130 645 83 152 128 157 534 493

Western Cape province

Sheep < 6 months 2 667 370 2 623 448 6.1 162 710 160 030 600 1 200 97 625 742 192 036 394

> 6 months 2 667 370 2 623 448 0.1 2 667 2 623 1 000 2 000 2 667 370 5 246 896

Goats < 6 months 242 798 206 836 6.1 14 811 12 617 600 1 320 8 886 407 16 654 435

> 6 months 242 798 206 836 0.1 243 207 1 000 2 200 242 798 455 039

Total 2 910 168 2 830 284 180 430 175 478 109 422 317 214 392 764

Total loss (direct) 1 545 852 837 2 710 150 042

Total Agriculture contribution to GDP 277 078 000 000

Total value of animal contribution to total agriculture production 136 322 376 000

% value loss to small livestock predation 1.99%
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Table 2. Cost of large livestock predation losses; a comparison between 2014 and 2019.

 

 

Number 
of large 

livestock 
(2012)

Number 
of large 

livestock 
(2019)

Average 
predation 

losses 
(%) 

Losses 
due to 

predators 
(2014)

Losses 
due to 

predators 
(2019)

Unit 
cost per 
animal 
(ZAR) 
(2014)

Unit 
cost per 
animal 
(ZAR) 
(2019)

Cost of 
predation 

(ZAR) 
(2014)

Cost of predation 
(ZAR) (2019)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Northern Cape province

Direct cost 493 233 432 907 0.0963 475 417 10 400 13 000 4 939 827 5 419 563

Indirect cost of control 14 836 679 22 309 272

Total 19 776 506 27 728 834

Free State province

Direct cost 2 359 137 2 108 659 0.2687 6 339 5 666 10 400 13 000 65 925 612 73 657 568

Indirect cost of control 55 699 633 83 753 126

Total 121 625 245 157 410 693

Eastern Cape province

Direct cost 3 222 849 3 082 214 0.064 2063 1 973 10 400 13 000 21 451 283 25 644 020

Indirect cost of control 760 837 1 144 038

Total 22 212 120 26 788 058

KwaZulu-Natal province

Direct cost 2 884 131 2 481 278 0.4375 12 618 10 856 10 400 13 000 131 227 961 141 122 686

Indirect cost of control 18 790 779 28 254 881

Total 150 018 740 169 377 567

Mpumalanga province

Direct cost 1 483 630 1 242 875 0.3213 4 767 3 993 10 400 13 000 49 575 793 51 913 646

Indirect cost of control 13 799 176 20 749 223

Total 63 374 969 72 662 869

Limpopo province

Direct cost 1 047 498 898 491 0.8932 9 356 8 025 10 400 13 000 97 305 022 104 329 181

Indirect cost of control 8 266 017 12 429 252

Total 105 571 039 116 758 433

North West province

Direct cost 1 814 303 1 578 239 0.5335 9 679 8 420 10 400 13 000 100 664 788 109 458 766

Indirect cost of control 16 542 986 24 874 972

Total 117 207 774 134 333 737

Total loss (direct and indirect) 599 786 392 705 060 192

Direct loss 511 545 430

Total Agriculture contribution to GDP 277 078 000 000

Total value of animal contribution to total agriculture production 136 322 376 000

% value loss to small livestock predation 0.38%
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and a small but unknown number for sheep. Many of 
the large feedlots have their own abattoirs and are thus 
vertically integrated (Spies 2011).

CONCLUSION AND RECOMMENDATIONS

In this study only the small and large livestock 
industries were studied in detail, however, the 
economic implications of predation are shared by 
the small and large livestock, as well as the wildlife 
ranching sectors in South Africa. While there is a 
difference between sectors, the impact of damage-
causing animals is a combined challenge that 
influences the sustainability of all affected. Damage-
causing animals do not differentiate or discriminate 
between farm fences, borders, or sectors. The 
objective of this study was to estimate and assess 
the financial cost of livestock predation in South 
Africa. The contribution of this article lies, in seeing 
predation losses in the large and small livestock 
production sector collectively, and in providing more 
up to date data on the effects of predation (new values 
of livestock lost) and the financial implications 
thereof.  

Data from studies by Van Niekerk (2010) and 
Badenhorst (2014) were used as benchmarks to 
predict an estimate of the cost of predation in 2019, 
assuming the small and large livestock sectors 
respectively accounted for 13% and 1% of predation 
losses. The direct cost of predation losses for small 
and large livestock in 2019, respectively, amounted 
to ZAR2 710 million and ZAR511 million.

According to De Waal (2009), ‘scientific data is 
mostly lacking, but indications are that predation 
by black-backed jackal and caracal has spread 
widely over South Africa and is still on the increase.’ 
Therefore, it is increasingly necessary to obtain more 
recent and accurate information on predation losses 
by livestock farmers and wildlife ranchers to assess 
the current situation. This data can be anticipated 
from the literature in a manner like the current study, 
but it would also be beneficial to obtain real-world 
numbers to check those assumptions against. These 
data would be highly beneficial in measuring changes 
or creating changes in policy or management aspects 
to improve predation management by livestock 
farmers. Continued fragmentated activities and 
uncoordinated approaches to predation management 
can hardly solve the widespread levels of predation 
(De Waal 2009, 2015, 2020, 2021). The Scientific 
Assessment or ‘PredSA’ (Kerley et al.  2018a, 
b) set out to assess the impact of predation on 
livestock in South Africa. It was broadly envisaged 

that such information should inform and assist the 
development of a national system of coordinated 
predation management (De Waal 2020, 2021).

The contribution of the South African scientific 
community has not yet led to the development of an 
impactful human-predator conflict strategy aimed 
at decreasing predation losses by damage-causing 
animals in southern Africa (Kruger 2019). The 
implementation of such a management strategy will 
require funding from various entities. Addressing 
the impact of predation in the livestock sector 
should be comprehensive and inclusive and not only 
focus on direct and indirect losses due to predation. 
The nature of the chosen management strategy is 
irrelevant for the purpose of this study. The first 
step is to understand the total economic implications 
of predation on livestock and related sectors, 
empowering role players and decision-makers with 
sufficient knowledge to make informed decisions on 
predation management. Understanding the economic 
implications of predation in the livestock industry 
requires considering direct, indirect, and downstream 
or “spill overs” effects resulting from predation 
which ripples throughout the economy of South 
Africa. However, to make economic sense, the cost 
of implementing strategies should not exceed the 
total economic implications of predation.

It is has been suggested that the only comprehensive 
approach to reducing the cost of predation in South 
Africa is by implementing a national system of 
coordinated management (De Waal 2009, 2020, 
2021). This initiative should be informed by a 
comprehensive understanding of the total economic 
costs and implications of predation on the livestock 
industry, as well as on associated sectors of the South 
African economy.
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Abstract
Predation losses reported by producers and claims by livestock industries that predation has severe impacts on the livestock 
trade are often cast in doubt. Here, the effects of predation on the reproduction and production of five Merino flocks and a 
Dorper flock, on a strictly monitored government entity (the Glen Agricultural Institute), from 1999 to 2007, are reported. These 
predation losses also cover other sheep losses from diseases, metabolic disorders, accidents, and livestock theft. Additional 
indirect financial losses, namely veterinary, shearing, supplementary feeding (lick), labour, and planted pasture costs, were 
calculated. The calculations were used to determine a more realistic cost of predation and to compare the extent to which 
financial losses ascribed to predation exceeded other losses. The Merino and Dorper flock numbers decreased significantly over 
the nine years covered in the study. Less reproductive ewes were available for mating and consequently resulting in less lambs 
that were born. The pre-weaned and post-weaned lambs were also severely impacted by predation. Due to predation, some 
ewes could not raise a single lamb in a six-year reproduction cycle. Therefore, it became challenging to replace older ewes and 
maintain flock sizes. An exception was the Merino flock that utilized ryegrass (Lolium multiflorum and L. perenne) because of 
protection from predation during critical phases in the reproduction cycle. Predation contributed 72% of annual financial losses, 
metabolic disorders, and accidents 20%, livestock theft 6%, and diseases 2%. Black-backed jackal (Lupullela mesomelas) alone 
accounted for 730 post-weaning losses, constituting 70% of all predation losses from 2003 to 2007. The negative effect of 
livestock predation made it impossible to evaluate the economic viability and sustainability of the four Merino treatment flocks 
as envisaged. A marked component of the genetic base of the two sheep breeds at the Glen Agricultural Institute (Glen AI) has 
also been lost permanently because of predation.

KEYWORDS: diseases, livestock theft, metabolic disorder and accidents, predation

INTRODUCTION

Commercial small livestock farmers in South Africa 
are, annually, estimated to suffer loses of between 3 
and 13% of small stock, amounting to at least R2.34 
billion, to predation (Turpie & Babatopie 2018). 
Losses in the Free State Province contribute c. 
17.8% to this amount (= R0.25 billion in 2009; Van 
Niekerk 2010). The Black-backed jackal (Lupulella 
mesomelas; previously known as Canis mesomelas, 
Atickem et al. 2017) and Caracal (Caracal caracal) 
are mainly implicated for these predation losses. 
Vagrant domestic Dogs (Canis familiaris) also cause 
considerable losses among small livestock, especially 
near human settlements (De Waal 2009, 2021; Van 
Niekerk 2010). The cost of predation is typically 
reported as the direct losses of small livestock, be 
it lambs or kids or mature sheep or goats. However, 
additional fruitless expenditures should also be 
considered (Shwiff & Bodenchuk 2004).

Critics of predation control often refute losses reported 
by individual producers or claims of the impact of 
livestock predation by the sheep industry. On the 

South African National Wool Growers Association’s 
monitor farms, 46% of lamb mortalities have been 
ascribed to predation (Viljoen 2016). Kerley et al. 
(2018) questioned the reliability of the data collected 
precisely because of sample sizes being too small 
and not representative, irregular visits of the kill sites 
by farmers, the people who collected the data, and 
the accuracy of predator identification. Therefore, 
this study aimed to quantify the direct and indirect 
financial losses due to predation versus the production 
and reproduction losses on a strictly monitored 
government entity, the Glen AI, in the central Free 
State Province.

The situation at the Glen AI, the main facility for 
livestock research and training of the Free State 
Department of Agriculture and Rural Development, 
seems to be no different from private sheep farms in 
the rest of the province regarding the harmful effects 
of livestock predation. Similar to the surrounding 
private sheep farms, sheep predation at the Glen AI 
was relatively negligible during the 1980s to late 
1990s (De Waal & Combrinck 2000). This situation 
changed dramatically from the early 2000s, when it 
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became evident that predation was severely affecting 
livestock production at Glen AI.

To reduce the effects of predation on livestock at 
Glen AI, a range of non-lethal and lethal preventive 
and remedial methods (Du Plessis et al. 2018) 
were used throughout the five-year (2003-2007) 
study period. They were undertaken by the trained 
Animal Damage Control (ADC) flock manager (A.J. 
Strauss), closely supported by the ADC officers 
from the Free State Department of Economic, Small 
Business Development, Tourism and Environmental 
Affairs (DESTEA). Therefore, ADC was considered 
relatively informed and equally, or more effective, 
compared to other small livestock farms in the Free 
State Province. 

MATERIAL AND METHODS

The Free State Wool Sheep Project was initiated 
in 1998 to develop profitable and sustainable 
wool farming production systems on the available 
combination of nutrition resources at Glen AI (Strauss 
2009). The Glen AI comprises 4 614 ha natural 
pasture (veld) described as a Themeda-Cymbopogon 
veld type (Acocks 1988; De Waal & Combrinck 
2000). Camp sizes varied between 10 and 25 ha.

The Free State Wool Sheep Project was implemented 
with 280 Merino ewes of breeding age, ranging from 
one to six years old and randomly divided (per age 
group) into four flocks with four different production 
system treatments (see below). Each flock lambed 
only once per year, vs the common practice on the 
average central Free State farm where two lambing 
seasons, autumn and spring, is the norm.

Treatment SL-V(C)

Spring Lambing season (September/October) on veld 
with a salt (NaCl) lick (Control).

Treatment SL-V&S

Spring Lambing season (September/October) on 
Veld with Supplementary feeding [production lick: 
a mixture of 40% Voermol Maxiwol, 49% maize 
meal, 10% salt (NaCl), and 1% feed lime. Maxiwol 
contains (g/kg) 350 g crude protein, 100 g fibre, 160 
g moisture, 12.2 g calcium (Ca), 3.6 g phosphorus 

(P), 6.7 g sulphur (S), 200 mg manganese (Mg), 30 
mg copper (Cu), 1 mg cobalt (Co), 150 mg iron (Fe), 
6 mg iodine (I), 240 mg zinc (Zn), and 1 mg selenium 
(Se)].

Treatment SL-R&V

Spring Lambing season (August/September) on 
irrigated Ryegrass (Lolium multiflorum and L. 
perenne) pasture and veld.

Treatment AL-O&V

Autumn Lambing (May/June) season on Oats (Avena 
sativa) pasture in winter and on veld in summer and spring.

Best practices in animal husbandry were applied 
to optimize veld utilization and ensure optimum 
treatment groups’ production and reproduction. 
Sheep were counted daily, and independent auditors 
verified the weekly, quarterly, and annual biological 
asset reports. Lambs were weighed and tagged within 
24 hours after birth, weighed again at 35-days and at 
weaning (110 days). The ewes were weighed before 
mating, after mating, at lambing and weaning of their 
lambs. The four treatment Merino flocks utilized 
veld and planted pasture for the course of the year, as 
outlined in Table 1.

A negative predation effect on the Merino flocks was 
not foreseen when the Free State Wool Sheep Project 
was conceptualized. Two other flocks were also kept 
at Glen AI: (i) a Merino shearing flock, specifically 
maintained to augment the number of fleeces needed 
annually for student training, and (ii) a Dorper flock 
(De Waal & Combrinck 2000). These two flocks 
were managed in the same way as the Merino ewes 
in Treatment SL-V(C). However, they were mated 
later to lamb in October/November (Strauss 2009). 
As predation also severely affected these two flocks 
(Merino and Dorper), it was decided to include their 
information here, giving a total of 1 130 sheep in this 
report.

The effects of predation on the reproduction and 
production of Merino and Dorper flocks were 
reported from 1999 to 2007. Four categories of sheep 
losses were identified, namely predation, diseases, 
metabolic disorders or accidents, and livestock 
theft. Three departmental officials recorded losses 

 Table 1. The months (x) during which the Merino ewes in the four treatment flocks of the Free State Wool Sheep Project utilized veld at Glen AI.

Months
Treatment Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SL-V(C) x x x x x x x x x x x x
SL-V&S x x x x x x x x x x x x
SL-R&V x x x
AL-O&V x x x x x x
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daily using a ‘lamb book’ (losses before weaning) 
and a ‘mortality certificate’ (losses post-weaning). 
Diseases and metabolic disorders were confirmed by 
specialized staff (animal health technicians and state 
veterinarian), and ‘predation’ was identified jointly in 
cooperation with ADC officers of DESTEA. Records 
on the mortality certificate included the date, animal 
number, age, camp number, and photos. In the case 
of losses due to predation, GPS coordinates of the 
death site were also included. Guidelines for the 
killing and feeding methods of predators were used 
to determine which predator was responsible for 
the killing (Rowe-Rowe 1983). It was not always 
possible to identify the predator species accountable 
for the massacre before weaning (as the small lamb 
carcasses were typically mostly devoured, and only 
parts of the carcasses were retrieved). Therefore, if 
pre-weaned and post-weaned (= easier to identify the 
responsible predator) losses occurred on the same 
date in the same or neighbouring camps, the predator 
implicated for the post-weaning losses was also made 
accountable for the pre-weaning losses. Tracks found 
around the partially retrieved carcasses of the pre-
weaned lambs also played a vital role in implicating 
the predator. Such pre-weaned losses occurred during 
lambing time, which was typically from September 
to November.

During the course of the study, a range of lethal and 
non-lethal methods were used to reduce predation 
losses. Non-lethal methods included jackal proof 
fences, kraaling, electric fencing, King LPC 
(Livestock Protection Collars), sheep bells, and 
ostriches. Lethal methods included leg-holding 
devices, humane coyote getters, cage traps, and lethal 
LPC’s (Protect-A-Lamb), which contained a poison 
(Compound 1080; sodium monofluoroacetate). 
Furthermore, specific predators were shot at night by 
an experienced ADC official of DESTEA after being 
lured by animating specific conspecific and prey 
sounds.

Direct financial expenses, namely veterinary, 
shearing, lick, labour and planted pasture costs, were 
associated with, and added to the direct loss of small 
livestock entities and calculated for each of the four 
categories of losses. The extent to which financial 
losses ascribed to predation exceeded or fell short 
of the economic losses due to diseases, metabolic 
disorders or accidents, and stock theft could, 
therefore, be determined.

As government or public assets, such as livestock, 
are notoriously undervalued compared to free market 
prices, the small livestock values at the Glen AI were 
determined as follows. The direct losses were based 
on the monetary values for sheep of the specific age 
groups obtained from eight study groups, namely 
in Barkly-East (Clifford), Rietbron, Sterkstroom, 
Hanover/Richmond, Klipplaat, Noupoort, Tarkastad 
and the southern Free State Province (Trompsburg, 

Smithfield and Springfontein). The monetary 
values given to livestock were averaged across the 
eight study groups (Dr A.C. Geyer, Department of 
Agricultural Economics, UFS, Bloemfontein; pers. 
comm. 2008) and verified with livestock traders in 
the specific years of losses.
The veterinary, shearing, lick, labour and planted 
pasture costs were calculated for sheep lost in each 
category of losses and between the different treatment 
flocks. A mean baseline value for such costs was 
estimated based on prices quoted by suppliers in 
Bloemfontein in October 2008. The actual prices 
of most of these expenses could not be traced back 
to individual years, as many of these costs increase 
and decrease over time (≈ related to the fuel price). 
These input costs for the sheep during the year 
were classified as fruitless expenditure after a loss 
occurred. 

RESULTS AND DISCUSSION

Sheep of all ages (from pre-weaned lambs to breeding 
ewes and rams) were predated on, with Black-backed 
jackal, vagrant Dog and Caracal the causative 
predators (Strauss 2009). Black-backed jackal had by 
far the largest impact on the sheep flocks, responsible 
for 70.4% of post-weaned losses over the five years 
from 2003 to 2007 (Strauss 2009).

The number of lambs born declined gradually as 
fewer and fewer ewes were available for mating 
(Figure 1). Relative predation losses, expressed 
as a percentage of the total number of lambs born, 
increased from 36% in 2003 to 43% in 2006. The 
decrease in relative predation losses in 2007 was a 
direct result of introducing the practice of kraaling the 
Dorper flock at night and the partial but incomplete 
protection of the Merino shearing flock inside electric 
fencing. When expressed as a percentage of the total 
number of lamb losses and mortalities, the number of 
lambs lost to predators increased from 75.6% (2003) 
to 81.4% (2006). For the four flocks kept on the veld, 
the relative numbers of pre-weaned lambs that died 
due to predators increased from 86.6% (2003) to 
93.7% (2006).

The majority of annual losses of post-weaning lambs 
(older than four months of age) were also attributed 
to predation (Table 2). From 1999 to 2007, predators 
were responsible for 78.2% of all post-weaning 
losses. The losses increased sharply from 1999 to 
2002. Although the losses decreased after 2002, it 
was still very high, with between 93 and 174 sheep 
killed annually by predators. Like pre-weaned lambs, 
Merino sheep that were not kraaled or kept behind 
electrified fences suffered the most post-weaned 
losses due to predation (Strauss 2009).

Sheep mortalities ascribed to metabolic disorders 
and accidents as well as diseases accounted for 
considerable losses, which could have been reduced 
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Figure 1. Number of lambs born and number of lambs lost to predation or other causes before weaning for all the sheep flocks over five years 
at Glen AI.

Table 2. Annual post-weaning losses and mortalities for the five Merino flocks and the Dorper flock over nine years at Glen AI.

Year
Predation Diseases1

Metabolic disorders2

& Accidents Theft Total
n % n % n % n % n

1999 76 55.1 31 22.5 11   8.0 20 14.5 138
2000 154 75.5 6   2.9 31 15.2 13   6.4 204
2001 208 93.3 1   0.5 9   4.0 5   2.2 223
2002 254 92.7 1   0.4 11   4.0 8   2.9 274
2003 174 78.7 3   1.4 39 17.7 5   2.3 221
2004 166 65.1 21   8.2 48 18.8 20   7.8 255
2005 155 73.1 6   2.8 29 13.7 22 10.4 212
2006 93 73.8 4   3.2 25 19.8 4   3.2 126
2007 142 85.5 3   1.8 17 10.2 4   2.4 166
Total 1422 78.2 76   4.2 220 12.1 101   5.6 1819

1 Pulpy kidney, Pasteurella, blue tongue, blue udder, and black quarter.
2 Acidosis and bloat.

by maintaining the fences regularly. Sheep often 
crawled under or through poorly maintained fences, 
resulting in them gaining access to maize lands, and 
resulting in mortalities due to acidosis (a metabolic 
disorder, causing a sharp drop in the pH of the reticulo-
rumen) or pulpy kidney (a disease). Mortalities caused 
by accident were mainly recorded for older ewes during 
lambing or who died because of weakness. Bloat as a 
cause of death, was classified as a metabolic disorder. 
Accordingly, accidental, and metabolic disorder losses 
were summed in this study and contributed less than 
13% of all losses (Table 2). Less than 4.5% of all losses 
were ascribed to diseases, mostly pulpy kidney, blue 
udder, Pasteurella, black quarter, and blue tongue.

Livestock theft occurred every year, with the most 
considerable losses recorded during 1999, 2004 and 
2005. Compared to predation (78.2%), the losses 
due to livestock theft (mean = 5.6%) were relatively 
small (Table 2).

To put the impact of predation into perspective, the 
data in Table 2 were converted into annual post-
weaning losses as a percentage of total flock size 
(Table 3). The lowest percentage loss (relative to 
total flock size) was recorded in 1999. After that, the 
predation losses doubled in 2000 and doubled again 
from 2000 to 2002. In 2003, the percentage losses due 
to predation accounted for 20.4% of all sheep losses 
at the Glen AI. The percentage loss due to predation 
remained high and increased in 2007 to 25.8% of the 
total number of sheep, despite the Dorpers now been 
kraaled at night. Two of the Merino flocks were kept 
relatively safe behind electric fences.

By comparison, the losses due to diseases, metabolic 
disorders and accidents, and livestock theft were 
markedly lower. Percentage losses due to metabolic 
disorders and accidents were slightly higher from 2003 
onwards (Table 3). When the losses in each category 
were compared, it is evident that predation was the 
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Table 3. Annual post-weaning losses as a percentage of total flock size (Merino and Dorper) over nine years (1999-2007) at Glen AI.

highest, with an average loss of 18.6% of the total sheep 
over nine years. Losses due to predation were, therefore, 
20.7 times more than losses due to diseases (0.9%), 
6.2 times more than metabolic disorders and accidents 
(3.0%), and 14.3 times more than livestock theft (1.3%).

The direct financial losses were calculated according 
to the economic values for the different age and gender 
classes from 2003 to 2007 (Table 4). Accordingly, 
annual sheep losses (all age groups) resulting from 
predation were very high, varying from R59 900 to 
R165 400 at the Glen AI (Table 5).

The minimum impact of R59 900 due to predation 

(2003) was still R18 500 more than the maximum 
impact due to the second highest loss category, 
namely metabolic disorders, and accidents (2005). 
Predation contributed 73% to the total financial 
loss, diseases 2%, metabolic disorders and 
accidental mortalities 19%, and livestock theft 6% 
(Table 5).

Fruitless expenditure (veterinary supplies and 
shearing cost) was calculated for each age group, 
namely pre-weaned, 4-12-month, 2-tooth age and 
mature sheep, (Table 6). The veterinary and sundry 
costs calculated for sheep losses in different age 
categories after weaning were done as follows:

Table 4. Economic values designated by eight study groups1 for different classes of Merino and Dorper sheep.

South African Rand (ZAR)
Year Before weaning 4-12 months 2-tooth Breeding ewes Breeding rams
2003    Merino 100 150 300 400 1 000

Dorper 200 300 400 600 1 000
2004 Merino 200 300 400 500 1 500

Dorper 300 400 500 700 1 500
2005 Merino 300 400 500 700 2 000

Dorper 400 500 600 800 2 000
2006 Merino 300 400 600 700 2 000

Dorper 400 500 600 800 2 000
2007 Merino 350 450 550 800 2 500

Dorper 450 600 700 900 2 500

1See text for detail.

Flock Size Predation Diseases1 Metabolic 
disorders2 & 
Accidents

Theft Total

Year n % % % % %
1999 1130 6.7 2.7 1.0 1.8 12.2
2000 1165 13.2 0.5 2.7 1.1 17.5
2001 1062 19.6 0.1 0.9 0.5 21.1
2002 963 26.3 0.1 1.1 0.8 28.3
2003 854 20.4 0.4 4.6 0.6 26.0
2004 823 20.2 2.6 5.8 2.4 31.0
2005 789 19.7 0.8 3.7 2.8 26.9
2006 586 15.9 0.7 4.3 0.7 21.5
2007 552 25.8 0.5 3.1 0.7 30.1

Average 18.6 0.9 3.0 1.3 23.8

1 Pulpy kidney, Pasteurella, blue tongue, blue udder, and black quarter.
2 Acidosis and bloat.
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Table 5. Direct financial implications of losses and mortalities for the five Merino flocks and the Dorper flock over five years at Glen AI.

South African Rand (ZAR)
Year Predation Disease Metabolic disorders & Accidents Theft Total
2003   59 900   1 050   22 700   1 450   85 100
2004 108 100   7 700   33 300 11 800 160 900
2005 165 400   5 000   41 400 29 000 240 800
2006   98 700   2 700   25 400   2 600 129 400
2007 147 950   1 700   31 850   2 200 183 700
Total 580 050 18 150 154 650 47 050 799 900

Table 6. A breakdown of veterinary and sundry costs per animal for the different age classes in the Merino and Dorper flocks over five years at 
Glen AI.

4-12 months 2-tooth Mature
Veterinary supplies ZAR* Lamb Ewe Ram Ewe Ram Ewe Ram
Tags 3.65 1
Castrator rings 0.13 1
Dosing2 2.40 1 2 2 2 2 2 2
Pour-on dip Vaccines 0.20 1 1 1 1 1 1 1
Pulpy kidney 5.24 1 2 2 2 2 2 2
Blue tongue3 2.33 1 1 1 1 1 1
Blue udder 1.00 1 1
Enzootic abortion 4.64 1 1
Rev1 2.87 1
Shearing cost 4.63 1 1 1 3 1 3
Total R/c 11.62 22.44 25.31 28.08 31.70 28.08 31.70

*South African Rand
1 Values applied for 2003-2007.
2 Treatment SL-R&V received an additional dosing per year.
3 Not applied to the Dorper flock.

 

4-12 months: 

Direct expenditure before weaning (plus inoculations 
and dosing) and direct costs up to 12 months of age.

12-24 months (2-tooth): 

Direct expenditure for the year in which the loss 
occurred.

>24 months (mature): 

Direct expenditure for the year in which the loss 
occurred.

This study calculates the production costs incurred 
annually, from one lambing season to the next. 
Although sheep were caught throughout the year, 
most of the losses occurred between September 

and November with each new lambing season (on 
veld). If a lamb, for example, died at the age of five 
months, it was classed in the 4-12 months category, 
and the entire cost for that period was considered. 
The input cost of any specific individual may be 
overestimated but most of the losses occurred at 
the end of this age category. Therefore, if the total 
cost for the whole period in an age category was 
considered, a good reflection of the costs could still 
be obtained.

The vaccine cost for bluetongue (R2.33 per 
individual) is only applicable for the Merino 
Treatment flocks and was not given to the Dorper 
flock. Furthermore, although the shearing cost for 
rams in the age categories 2-tooth and mature are 
three times more than for ewes, these calculations 
were not reflected in Table 6 (≈ the cost per ewe 
were applied throughout).
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Table 7. Annual production costs per hectare (ha) of irrigated ryegrass pasture for the Merino ewes in Treatment SL-R&V at Glen AI.

Ryegrass (Lolium multiflorum and L. perenne)
Inputs Product Unit Quantity R/Unit R/ha R/ewe
Fuel Diesel litre    85.00     9.26      787.10
Fertilizer1 N kg   252.00   29.91   7 537.32
Seed2 Midmar/Dargle kg     20.00   30.10      602.00
Irrigation Eskom mm 1200.00    0.90   1 080.00
Irrigation Water mm 1200.00     0.63      756.00
Mechanical Repair       1.00 360.64      360.64
Irrigation Repair       1.00 241.50      241.50
Labour3 h      48.00     5.65      271.20   15.95
Direct production costs (pasture and workforce) 11 635.76 684.46
Salt lick kg  31.11 0.84    26.13     1.54
Workforce h    8.00 5.65     45.20     2.66
Total production costs (intensive and extensive) 688.66

1(85 kg N was applied x 3) (R8 374.80/t) (Price/ton obtained in 2008).
2Midmar was only available until 2006.
3(17ewes/ha for nine months) (1 assistant/1 000 sheep/year @ 40 working hours/week).

Table 8. Annual production costs per hectare of oats pasture under dryland conditions for the Merino ewes in Treatment AL-O&V at the Glen AI.

Oats (Avena sativa)1

Inputs Product Unit Quantity R/Unit R/ha R/ewe
Fuel Diesel Litre 79.00     9.26   731.54
Fertilizer N kg 28.00   29.91   837.48
Seed kg 30.00     6.16   184.80
Irrigation Eskom mm   0.00       0.0       0.00
Irrigation Water mm   0.00       0.0       0.00
Mechanical Repair   1.00 336.64   336.64
Irrigation Repair   0.00       0.0       0.00
Labour2 h 23.00     5.65    129.95
Total 2 220.41 185.03
Salt lick kg  21.96    0.84      18.47   1.54
Workforce h 12.00    5.65      67.80    5.65
Total 2 306.68 192.22
1Dry land oats (GWK, 2008) and (SENWES, 2008).

2(12 ewes/ha for 6 months) (1 assistant/1 000 sheep/year @ 40 working hours/week).

For losses that occurred in Treatment SL-R&V and 
Treatment AL-O&V, the fruitless expenditure (for 
ewes) on the planted pastures was also calculated 
(Tables 7 and 8, respectively). The total fruitless 
cost, when planted pasture costs were included, 
was high (Table 9), substantially increasing the 
total annual financial losses (Table 10).

The veterinary and shearing cost contributed 4% 
in all groups to the direct economic value for 
a breeding ewe in 2007 (Table 4). Lick, labour 
and pasture cost contributed 1% in Treatment 
SL-V(C), 11% in Treatment SL-V&S, 86% in 
Treatment SL-R&V and 24% in Treatment AL-
O&V to the direct economic value for a breeding 
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Table 9. Total financial expenditure due to fruitless expenses for the five Merino flocks and the Dorper flock at Glen AI.

South African Rand (ZAR)

Year Predation Disease
Metabolic disorders & 

Accidents Theft Total
2003 12 929    233   3 927   242 17 331
2004 15 292 1 727   5 255   763 23 037
2005 14 568    468   3 056   900 18 992
2006   9 888    823   5 653   153 16 517
2007 15 087    285   3 948   108 19 428
Total 67 764 3 536 21 839 2 166 95 305

Table 10. Total annual financial losses for the four Merino treatment flocks, the Merino shearing flock, and the Dorper flock at Glen AI.

South African Rand (ZAR)
Year Predation Disease Metabolic disorders & Accidents Theft Total
2003   72 829   1 283   26 627   1 692 102 431
2004 123 392   9 427   38 555 12 563 183 937
2005 179 968   5 468   44 456 29 900 259 792
2006 108 588   3 523   31 053   2 753 145 917
2007 163 037   1 985   35 798   2 308 203 128
Total 647 814 21 686 176 489 49 216 895 205

ewe in 2007, respectively (Table 4). Exceptionally 
high 2008 fertilization prices were obtained when 
calculations were done, resulting in a high cost 
per hectare and ewe on the ryegrass (Table 7). 
However, even if the fertilization price was halved, 
the direct production costs per hectare were still 
high at R7 867.10/ha and R466.97/ewe (total 
production cost/ewe). This cost per ewe equated 
to 58% of the direct economic value for a Merino 
breeding ewe in 2007 (see Table 4).

Losses from predation were 75%, 66%, 77%, 
60% and 78%, respectively, of the total fruitless 
expenses for the five years from 2003 to 2007 (Table 
9). The greatest fruitless expenses for the second 
highest loss category, namely metabolic disorders, 
and accidents, were recorded in 2006, contributing 
34% to the total expenses. Predation contributed 
71% to the total fruitless expenses, diseases 4%, 
metabolic disorders and accidental mortalities 23%, 
and livestock theft 2%.

Overall, fruitless expenditure (Table 9) contributed 
10.64% to the total loss (Table 10). The total annual 
financial loss due to predation (average R129 562/
year) was markedly higher than losses due to diseases 
(average R4 337/year), metabolic disorders and 
accidents (average R35 299/year), and livestock theft 
(average R9 843/year) (Table 10). Predation contributed 
72% to the total financial loss, diseases 2%, metabolic 
disorders and accidents 20%, and livestock theft 6%.

The total expenditure ascribed to predation today will 
be much higher than the amounts reported here. To put 
the direct economic expenses of post-weaning losses 
into perspective, for example, calculations with July 
2021 on the hoof prices (Myburg 2021) and using the 
average live weights of the different Treatment and 
age categories, amounts to the following:

4-12 months: 
(28.4kg x R54.5/kg = R1547.80; vs R525.00 in 2007)

2-tooth:  
(47.5kg x R37.5/kg = R1781.25; vs R625.00 in 2007)

Breeding ewe: 
(59.25kg x R30/kg = R1777.50; vs R850.00 in 2007)

Breeding ram: 
(79kg x R24/kg = R1896.00; vs R2500.00 in 2007)

If the same losses would occur today, as it had over 
the 5-year study period, the financial implications 
of direct predation losses, alone, would be 
R1 218 283 (more than double the R580 050 of 
2007; see Table 5). Predation, therefore, does 
have a marked financial impact on small livestock 
farms in central South Africa. So much more if 
we consider the costs of predation management 
and erecting predator-proof fences, which was not 
included in this study, and should strictly speaking 
also be added. Furthermore, the ewes were fertile 
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and produced at optimum levels in the Free State 
Wool Sheep Project (conducted with breeding sheep). 
However, some Merino ewes could not raise a single 
lamb in a 6-year production cycle. The unaccounted 
carry-over effects should also be included in the 
predation calculations: for example, production costs 
in this study have been accounted for one production 
year only, or up to the month in which the loss 
occurred; the financial impact would be much higher 
if calculated over six years, during which the affected 
ewes’ offspring could also have reproduced. Strictly 
speaking, the cost of genetic losses should also be 
included in the predation calculations.

CONCLUSIONS

This article is the first attempt at a detailed breakdown of 
small stock predation costs in southern Africa. Unique 
daily records and veterinary reports of new small stock 
arrivals and deceased individuals were strictly kept, 
while dedicated ADC officials confirmed predation loss 
information. The expected increase in flock size and ewe 
productivity was negatively influenced by predation, and 
a mean decrease of 21.1 ± 3.7% of the total annual flock 
size was recorded over the 7-year study period (2001 
to 2007). The flock was decimated, and the Free State 
Wool Sheep Project in this format was discontinued. 
Predation (average cost = R129 562/year) accounted for 
72% of the total (≈ direct losses + fruitless expenses) 
annual financial losses, and diseases contributed 2% 
(R4 337/year), metabolic disorders and accidents 20% 
(R35 299/year), and livestock theft 6% (R9 843/year). 
Over the relatively short period of five years from 2003 
to 2007, the total financial loss due to predation at the 
Glen AI accrued to R647 814 (predation management, 
fencing, carry-over reproduction and genetic costs not 
included). Some of the ewes in the five Merino flocks 
could not raise a single lamb in the 6-year production 
cycle; the only income from these ewes came from 
their wool yield. This loss is considered very high, 
given that data was only collected from a relatively 
small number of sheep.

Assuming an equivalent rate of predation losses as 
suffered by the Merino and Dorper flocks of Glen AI over 
the study period, the current direct financial implications 
of predation losses (estimated at R1 218 283) will have 
a significant effect on a similar sheep enterprise today.

Thus far, only the direct cost of sheep loss has been 
reported as ‘predation loss’ in southern Africa. 
However, it is essential also to include the indirect 
cost. In the current study, veterinary and shearing costs 
contributed 4% to the direct economic loss, and lick, 
labour and pasture cost varied between 1% and 11% 
of the direct economic value for the veld groups, and 
between 24% and 86% for sheep on planted pastures. 
Fertilizer prices had the biggest impact on the pasture 
costs, followed by the diesel and electricity prices – 
which all contribute to the financial loss when a sheep 
has been predated. Considering the genetic losses due 

to predation and the carry-over effect of some ewes 
not raising their lambs (costs not included here), the 
actual losses were considerably more than the total 
financial losses calculated in this study. Furthermore, 
comparison between flocks kept in protected conditions 
(kraaled or electrified fencing) and those which were 
left unprotected indicate that farming with sheep in 
unprotected camps at Glen AI was unsustainable.

This is only the third recorded instance where sheep 
flocks at public institutions have been greatly curtailed 
due to predation. Only one other South Africa flock 
(wool sheep flock at a government institution near 
Potchefstroom) was saved after erecting a predator-
proof electric fence (Postma et al. 1993). The other two 
institutions were the Texas Agricultural Experiment 
Station at McGregor, Texas, USA (Shelton 1972) 
and the Hopland Research and Extension Centre, 
California, USA (a flock maintained by the University 
of California; Timm & Connolly 2001; Jaeger 2004). 
As with the Glen AI, and most central South African 
farms, several practical non-lethal and lethal methods 
to prevent or control predation were utilised at the 
Hopland Research and Extension Centre. Predation at 
Hopland remained a management challenge, reflecting 
the experience of thousands of sheep producers in the 
USA (Timm & Connolly 2001).

Scenarios regarding predation on sheep are very similar 
in the USA and South Africa, with highly comparable 
damage-causing animal composition. Where Black-
backed jackal and Caracal are often cited as the primary 
culprits in South Africa, Coyote (Canis latrans) and 
Bobcat (Lynx rufus) are their counterparts in the USA. 
Therefore, it is alarming that, in Texas, farmers cited 
predation as a primary reason for leaving sheep and 
goat farming (Shelton 2004). A similar trend is already 
observable in South Africa with many farmers having 
already left sheep farming (Du Plessis 2013). The 
current study has shown that sheep farms in central 
South Africa may find it challenging to survive using 
the current predator control management approach. 
While more farmers are today collaborating with 
researchers (e.g. Drouilly et al. 2020, 2021; Van der 
Weyde et al. 2020; Marker et al. 2021; Schurch et al. 
2021) and predation managers (Uys 2021) to find a more 
acceptable approach, reliable data on the efficacy of the 
predator control measures in reducing the long term 
impact of predation on livestock, are still lacking (Thorn 
et al. 2012; 2013; Bergman et al. 2013; Du Plessis 2013; 
Van Niekerk et al. 2013; Badenhorst 2014; Du Plessis et 
al. 2018; Kruger et al. 2020; De Waal 2021).
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Abstract
Feeding ecology of carnivores is integral to understanding their role in the ecosystem and the effect they have on their prey 
species. This study aims to better our understanding of Black-backed jackal feeding ecology in a fairly natural ecosystem, 
to contribute towards more informed depredation management in surrounding agri-ecosystems. Scat analysis was used to 
investigate the diet of Black-backed jackal inside a 5590 ha formal protected area, namely Maria Moroka Nature Reserve, 
which is surrounded by cattle and small stock farms. The six main prey groups identified from 334 scats were mice, springhare, 
antelope (c. 98% Springbok), hare, small carnivores and fruit. Rodents (mice mean monthly percentage occurrence 36%, 
springhare 31%) were utilized the most frequently, followed by antelope (Springbok 22% Occ; Blesbok 0.51%). The next most 
used prey group was small carnivores, present in 8% of scats. Hares and fruit, but also birds and invertebrates, were taken 
sporadically. No stock remains were found in the scats. Very similar results were obtained when volumetric contributions were 
calculated, resulting in mice (mean monthly contribution = 33% Vol; Importance Value, IV = 15.2), springhare (30% Vol; IV 
= 11.9) and antelope (24% Vol; IV = 10.0) being the most important prey items. Small carnivores (8% Vol) had an Importance 
Value of 1.2, and all other prey groups scored less than 0.4 IV. The wide variety of prey used, together with their monthly 
fluctuations (which for some groups could be coupled to availability) and prey switching between the three most important 
prey items mice, springhare and antelope, support opportunistic feeding behaviour by Black-backed jackal in the study area. 
The results also confirmed that Black-backed jackal does utilize Springbok as a major food source, and that this usage peaked 
during the two periods when Springbok lamb at Maria Moroka Nature Reserve. These periods do not only coincide with the 
Black-backed jackal pupping and dispersal seasons, but also with the two sheep lambing seasons in the central and southern 
Free State Province. 

KEYWORDS: Black-backed jackal, diet, lambing season, predation impact, scat analysis, Springbok

INTRODUCTION

The Black-backed jackal Lupulella mesomelas is, 
together with Caracal Caracal caracal, the main 
predator on small stock in South Africa (Du Plessis 
2013; Kerley et al. 2019). Renewed interest in 
addressing this conundrum has led to a marked 
increase of relevant publications since c. 2010. In 
stark contrast with the situation before, when nearly 
all ecological research on these two carnivores was 
done in nature reserves, most research has now been 
done on farms/rangelands (Avenant et al. submitted). 
However, valuable lessons for addressing the 
problem have been learned in nature reserves. This 
contribution investigates the Black-backed jackal’s 
relation to prey in a central Free State nature reserve, 
aiming to contribute towards more sustainable 
predator management approaches on small stock 
farms in central South Africa. 

The conflict between carnivores and humans arises 
primarily because of shared, and often limited, 
resources (Stadler 2006; Bothma 2012; Bergman 

et al. 2013; Seoraj-Pillai & Pillay 2017). Both 
mesopredators, Black-backed jackal and Caracal, 
cause serious economic losses by preying on 
livestock (see e.g. Van Niekerk 2010; Turpie & 
Babatopie 2018; Van der Weyde et al. 2020; Strauss 
et al. 2021). This concern echoes the sentiments of 
the agricultural industry (P. de Wet, PMF Chairman/
NWGA, presentation to the Portfolio Committee on 
Agriculture, Forestry and Fisheries in Parliament, 2 
November 2010; Norval 2010; Van Niekerk 2010; 
Bezuidenhout 2008; Kerley et al. 2019; PMSA 2020). 
Accordingly, they are often hunted outside protected 
areas (Avenant & Du Plessis 2008; De Waal 2009; 
Du Plessis 2013; Avenant et al. 2016; Minnie et al. 
2016; Drouilly et al. 2018; Nattrass & Conradie 
2018). Lately, Black-backed jackal have also been 
hunted inside some provincial nature reserves 
and national parks as they are believed to have a 
significant negative impact on Springbok Antidorcas 
marsupialis populations (Bega 2010; Klare et al. 2010; 
SANParks 2013; DESTEA unpublished records). 
Simultaneously, the pressure from neighbouring farmers 
on nature reserves to cull Black-backed jackal numbers 
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is also increasing (C. Erasmus DESTEA, pers. comm. 
2016; Avenant pers. obs.).

This diet study was, together with a veterinary 
study on the general health and productivity of 
Springbok in the Maria Moroka Nature Reserve 
(MMNR), initiated to shed light on the Black-
backed jackal’s impact on the declining Springbok 
population. Studying a carnivore’s diet and predatory 
behaviour are useful in understanding its role in 
the ecosystem, such as its position as a specialist, 
generalist or opportunist (Klare et al. 2010). In this 
case, this information was essential for planning and 
making intervention decisions concerning damage-
causing species (Klare et al. 2010; Du Plessis 2013; 
Du Plessis et al. 2018). During this study the prey 
usage of Black-backed jackal and the possible 
detrimental impact on the Springbok population 
at Maria Moroka Nature Reserve, was studied by 
analysis of scats. Due to the secretive and nocturnal 
behaviour of some carnivores, this (faecal analysis) 
is a preferred method for gathering information 
on their diet (Putman 1984; Bowland & Bowland 
1989; Karanth & Sunquist 1995; Kaunda & Skinner 
2003; Klare et al. 2010, 2011; Rautenbach 2010; 
Van de Ven et al. 2013; Drouilly et al. 2018; and 
others). While the significant decrease in Springbok 
numbers for the period 2009-2013 at this reserve was 
meticulously documented (Schulze 2014), virtually 
no ecological research on Black-backed jackal has 
been conducted in any of the Free State Department 
of Economic, Small Business Development, Tourism 
and Environmental Affairs (DESTEA) reserves, and 
nothing to confirm that Black-backed jackal may, or 
may not, have a substantial impact on the observed 
decreases in MMNR. This information is not only vital 
for structuring a management plan for this species in 
nature reserves throughout South Africa, but is also 
of major importance when attempting to manage this 
species on adjacent agricultural properties.

METHODS

Study area

The study was conducted in the MMNR (29º15’S, 
26º49’E) (also the study area of Schulze 2014), 
approximately 42 km east of Bloemfontein, 65 km 
ESE of the study area of Strauss et al. (2021), and 
150 km NNE of the Deacon (2010) and Pohl et al. 
(Submitted) study areas in the central Free State 
Province. This 5590 ha protected area has been 
managed by Free State Nature Conservation (today 
DESTEA) since 1985. The area has been surrounded 
by cattle and small stock rangeland throughout.

The MMNR area has distinct plant communities, 
including the Central Free State Grassland, Eastern 
Free State Sandy Grassland and Basotho Montane 
Shrubland (Mucina & Rutherford 2006). The 

vegetation is dominated by the grasses Themeda 
triandra, Aristida diffusa, Sporobulus fimbriatus, 
Eragrostis curvula and Eragrostis chloromela 
(Mucina & Rutherford 2006). Maximum and 
minimum temperatures range from 35.3°C (in 
summer) to -11.1°C (in winter) (SA Weather Service 
2002). The seasonal (late-spring to late-autumn) 
rainfall averages c. 600 mm per annum. This variation 
in seasonal temperature and rainfall plays an important 
role in the availability of resources as it affects primary 
productivity, and therefore the reproduction season of 
reptiles, birds and mammals: e.g. spring (September 
– October) is the major birthing period for, not only 
common jackal prey groups Springbok, virtually all 
ungulates and most bird species, but also for Black-
backed jackals. There is a second lambing period of 
Springbok in late autumn/early winter (May–June) 
(DESTEA unpublished records; Klare et al. 2010; 
Schulze 2014; NLA and JBM pers. obs.). Small 
rodent (mouse) densities increase exponentially from 
early−spring to late−autumn, and drop by c. 50% 
between late−autumn and mid−winter (see Avenant 
2011). Springhare Pedetes capensis young are born 
throughout the year, but birthing peaks just after 
winter (c. August) (Skinner & Chimimba 2005).

Scat collection
 

Fresh (younger than c. 10 days; thereafter scats 
become less shiny, change colour and the outer 
layer starts to crack) Black-backed jackal scats were 
collected monthly from September 2011 to December 
2012 (by J.B. Morwe and N.L. Avenant). Individual 
scats were placed in brown paper bags labelled with 
the relevant data [i.e. date, GPS locality, defecation 
site (e.g. in veld, or next to road/path, where roads/
paths meet) and substrate (on grass, shrub, soil, 
rock or in a road/path)]. Scats were mostly found on 
vegetation alongside roads/paths, often where two 
roads/paths meet, but also in other areas. Scats were 
first identified based on their size, shape, as well as 
where they were found, the contents, and presence of 
the carnivore’s own hair (to separate it from Caracal 
scats, the only other predator in the study area with 
nearly similar sized scats). A second round of scat 
identification was conducted in the laboratory by 
N.L. Avenant and carnivore ecologist C. Pohl. Only 
positively identified scats were included for analysis; 
all doubtful scats were discarded.

Scat analysis

In the laboratory scats were air-dried and later teased 
apart with tweezers. Each individual scat was placed 
in a Petri dish, the different dietary components 
manually sorted, and their volumetric contributions 
determined. The typical prey remains in scats were 
hair, pieces of small mammal skulls, teeth and bones, 
invertebrate wings and carapaces, feathers and 
seeds. Prey items were macro and microscopically 
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identified to species level (following Avenant & 
Nel 1997; Atkinson et al. 2002; Do Linh San et al. 
2009; Forbes 2011), and grouped into ten categories, 
namely antelope, small mammals (including mice 
and shrews), medium-sized rodents/herbivores 
(springhares, hares and ground squirrels), carnivores, 
birds, reptiles, invertebrates, fruit, abiotic items (e.g. 
pieces of plastic), and unknown/unidentified items. 
No shrews were found in scats.

Main prey items were identified as those species 
contributing >40% per volume in scats (following 
Avenant & Nel 1997). Grass always contributed 
less than 2% to the volume, of a very small number 
of scats, and was therefore not included in further 
analysis here; these ingestions could happen 
accidentally (together with other prey, following 
Hawthorne 1972) or for health purposes (see 
Bjone et al. 2007; Hart 2008; Atkinson et al. 2002; 
Yoshimura et al. 2021). Mammalian food items 
were identified by hair and teeth samples. Cuticular 
hair imprint characteristics were employed to reach 
correct identification and were examined under a 
microscope with 10x and 40x magnifications, using 
the reference collection of the National Museum 
and the keys of Perrin & Campbell (1979) and 
Keogh (1983a & b). At least eight hairs per prey 
species were removed from each individual scat (in 
case the groove and/or scale patterns were damaged 
in some). These hair samples were placed in a petri 
dish, rinsed in water, later mounted on a microscope 
slide using the mounting medium Entellan 
(C13H22O4), and removed to leave the imprint before 
the fixative dried. 

The contribution of various components in the 
scats was, on a monthly basis, expressed as (a) 
Percentage occurrence in the scats (= the number 
of scats containing the particular prey item, divided 
by total number of scats, x 100; Avenant & Nel 
1997); (b) Volumetric contribution (= the sum of the 
percentages of the volume the prey type contribute 
to each scat, divided by the total number of scats; 
Avenant & Nel 1997); (c) Importance Value (IV, = 
percentage occurrence x percentage volume, divided 
by 100; Avenant & Nel 1997); and (d) Relative 
Importance Value (= Importance Value of a particular 
prey type, divided by the sum of the IVs all prey 
categories, multiplied by 100; see also Zabala & 
Zuberogoitia 2003; Melville et al. 2004). This 
approach, where all four steps are included, allows 
comparison between months/seasons/years, as 
well as with previous carnivore scat studies (e.g. 
Corbett 1989; Atkinson et al. 2002; Kaunda & 
Skinner 2003; Do Linh San et al. 2009). Here, 
the calendar year was divided into winter (June–
August), spring (September−November) summer 
(December–February), and autumn (March–May) 
to assess the seasonal difference in diet (see e.g. 
Parker & Bernard 2005; Avenant 2011; Pohl et al., 
Submitted). 

All statistical analyses and graphs were performed 
using the Statistica 6 for Windows program (Statsoft 
Inc. 1995, Tulsa, OK, USA). Tests for normality were 
done using the Shapiro-Wilk’s W test. Relationships 
between specific prey consumption (as observed in 
the faecal samples) were analyzed using Spearman 
rank order correlations. In order to evaluate the 
importance of prey switching with temporal changes 
in jackal diet, we tested whether contributions of 
various prey items affected the contributions of others. 
We evaluated monthly relationships among the three 
most important prey items (antelopes, mice, and 
springhares – other items made relatively negligible 
contributions throughout the study period). We 
used simple and multiple linear regression models, 
including interaction terms, to test hypotheses for 
relationships amongst changes in the Importance 
Values (IV) of these prey groups, treating each item 
as the dependent variable in turn. For model selection 
we used the second-order Akaike’s Information 
Criterion (AICc), which provides an index of model 
support while penalizing for the addition of parameters 
(Burnham & Anderson 2001, 2002). Models with the 
lowest AICc are considered to be best-supported by the 
data, focusing on models having scores that are ≤ 2 of 
the lowest score in the candidate set. 

RESULTS

A total of 334 Black-backed jackal scats were 
collected (monthly mean = 20.9 ± 6.2) and analysed 
on a monthly basis (Table 1). The rodent groups, 
mice (mostly Vlei rat Otomys auratus 30.05%, Four-
striped grass mouse Rhabdomys dilectus 4.11% 
and White-tailed rat Mystromys albicaudatus 2.14 
%, by mean monthly percentage occurrence) and 
springhare were most frequently found in scats. 
Antelope remains were present in more than 20% of 
scats (Springbok 22.17% and Blesbok Damaliscus 
pygargus phillipsi 0.51% - mean monthly 
percentage occurrence). The other main prey item 
group (contributing > 40% per volume in scats) 
was small carnivores (Aardwolf Proteles cristatus 
0.88% occurrence, Cape grey mongoose Herpestes 
pulverulentus 1.31%, Suricate Suricata suricatta 
1.25% and Yellow mongoose Cynictus penicillata 
4.49%), collectively contributing towards c. 8% of 
scats every month. Hares, birds, invertebrates and 
fruit also contributed varying amounts during the 
different months, with abiotic items (plastic, most 
probably part of one scavenged bout) present only 
in one month. On average 1.73% of scats contained 
some unidentified material. 

The presence of each prey group varied markedly 
over the 16-month period (Figure 1). For antelope, for 
example, two clear peaks (in May and in September 
2012) are obvious. Similarly there are two peaks 
for springhare (in August and November 2012), 
and relatively high occurrence of mice in the period 
October 2011 to March/April 2012. 
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Table 1. The percentage occurrence of prey groups in the scats of Black-backed jackal at Maria Moroka Nature Reserve, September 2011 to 
December 2012. The numbers of scats are indicated in brackets.

MONTH (n) *Antelope #Mice Springhare Carnivore Ground
squirrel

Hare Bird Invertebrate Fruit Abiotic Unidentified

Sep11 (23) 13.04 39.13 26.09 13.04 8.70 4.35 4.35 0.00 0.00 0.00 0.00

Oct11  (22) 8.00 54.55 4.55 4.55 0.00 0.00 4.55 4.55 4.55 0.00 4.55

Nov11 (23) 30.43 30.43 39.13 0.00 0.00 0.00 4.35 0.00 4.35 0.00 0.00

Dec11 (23) 0.00 52.17 30.43 4.35 0.00 13.04 0.00 17.39 4.35 0.00 4.35

Jan12  (12) 0.00 50.00 41.67 16.67 0.00 0.00 0.00 0.00 0.00 0.00 8.33

Feb12 (12) 0.00 66.67 33.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mar12 (25) 16.00 52.00 28.00 0.00 0.00 8.00 0.00 4.00 4.00 0.00 0.00

Apr12  (10) 0.00 40.00 40.00 20.00 0.00 0.00 10.00 0.00 30.00 0.00 0.00

May12 (27) 70.37 11.11 14.81 7.41 0.00 0.00 0.00 0.00 0.00 0.00 3.70

Jun12  (24) 50.00 29.17 25.00 4.17 0.00 0.00 0.00 0.00 4.17 0.00 0.00

Jul12   (26) 53.85 46.15 11.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Aug12 (28) 17.86 17.86 71.43 0.00 0.00 0.00 0.00 7.14 3.57 3.57 0.00

Sep12 (23) 52.17 17.39 30.43 13.04 0.00 0.00 0.00 0.00 13.04 0.00 0.00

Oct12  (15) 40.00 20.00 20.00 20.00 0.00 13.33 6.67 0.00 26.67 0.00 6.67

Nov12 (18) 11.11 0.00 55.56 5.56 0.00 11.11 0.00 11.11 27.78 0.00 0.00

Dec12 (23) 0.00 54.55 27.27 18.18 0.00 0.00 0.00 0.00 9.09 0.00 0.00

Mean 
(n=20.9±6.2)

22.68 36.32 31.20 7.94 0.54 3.11 1.87 2.76 8.22 0.22 1.73

* 98% of all records were Springbok
# Dominated by Vlei rat Otomys auratus, present in 30.05% of scats (mean monthly contribution)
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Figure 1. Monthly presence of the main prey groups in Black-backed jackal scats at Maria Moroka Nature Reserve, September 2011 to  
December 2012. 
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Table 2. The percentage volumetric contribution of prey groups in the scats of Black-backed jackal at Maria Moroka Nature Reserve, September 
2011 to December 2012. The numbers of scats are indicated in brackets.

MONTH (n) *Antelope # Mice Springhare Carnivore Ground
squirrel

Hare Bird Invertebrate Fruit Abiotic Unidentified

Sep11 (23) 19.96 33.03 24.57 13.04 8.70 4.35 4.35 0.00 0.00 0.00 0.00

Oct11  (22) 35.45 50.23 4.55 4.55 0.00 0.00 0.23 0.45 0.23 0.00 4.55

Nov11 (23) 30.39 30.43 39.13 0.00 0.00 0.00 0.04 0.00 0.43 0.00 0.00

Dec11 (23) 0.00 51.74 24.13 4.35 0.00 8.78 0.00 6.57 0.09 0.00 4.35

Jan12  (12) 0.00 41.67 41.25 16.67 0.00 0.00 0.00 0.00 0.00 0.00 0.42

Feb12 (12) 0.00 66.67 33.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mar12 (25) 15.40 48.44 28.00 0.00 0.00 8.00 0.00 0.08 0.08 0.00 0.00

Apr12  (10) 0.00 39.50 39.00 19.9 0.00 0.00 0.10 0.00 1.50 0.00 0.00

May12 (27) 70.18 7.41 14.81 7.41 0.00 0.00 0.00 0.00 0.00 0.00 0.19

Jun12  (24) 45.96 25.63 24.17 4.17 0.00 0.00 0.00 0.00 0.08 0.00 0.00

Jul12   (26) 46.62 41.85 11.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Aug12 (28) 9.50 17.61 71.36 0.00 0.00 0.00 0.00 1.32 0.18 0.04 0.00

Sep12 (23) 51.35 8.04 27.35 13.04 0.00 0.00 0.00 0.00 0.22 0.00 0.00

Oct12  (15) 40.00 13.67 12.60 19.60 0.00 13.00 0.07 0.00 0.60 0.00 0.47

Nov12 (18) 11.11 0.00 55.56 0.56 0.00 10.83 0.00 9.44 12.50 0.00 0.00

Dec 12 (23) 0.00 47.27 25.45 18.18 0.00 0.00 0.00 0.00 9.09 0.00 0.00

Mean 
(n=20.9±6.2)

23.50 32.70 29.80 7.59 0.54 2.81 0.30 1.12 1.56 0.003 0.62

* Dominated by Springbok Antidorcas marsupialis, with an average volumetric contribution of 23.03%
# Dominated by Vlei rat Otomys auratus, with an average monthly volumetric contribution of 26.67%
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Figure 2. Monthly volumetric contribution of the main prey groups to Black-backed jackal scats at Maria Moroka Nature Reserve,  
September 2011 to December 2012.
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Table 3. The Importance Value of prey groups in the scats of Black-backed jackal at Maria Moroka Nature Reserve, September 2011 to December 
2012. The numbers of scats are indicated in brackets.

MONTH (n) Antelope #Mice Springhare Carnivore Ground
squirrel

Hare Bird Invertebrate Fruit Abiotic Unidentified

Sep 11 (23) 2.60 12.92 6.41 1.70 0.76 0.19 0.19 0.00 0.00 0.00 0.00

Oct 11  (22) 2.84 27.40 0.21 0.21 0.00 0.00 0.01 0.02 0.01 0.00 0.21

Nov 11 (23) 9.25 9.26 15.31 0.00 0.00 0.00 0.001 0.00 0.02 0.00 0.00

Dec 11 (23) 0.00 26.99 7.34 0.19 0.00 0.00 0.00 1.14 0.004 0.00 0.19

Jan 12  (12) 0.00 20.84 17.19 2.78 0.00 0.00 0.00 0.00 0.00 0.00 0.039

Feb 12 (12) 0.00 44.45 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mar 12 (25) 2.46 25.19 7.84 0.00 0.00 0.00 0.00 0.00 0.003 0.00 0.00

Apr 12  (10) 0.00 15.80 15.60 3.98 0.00 0.00 0.00 0.00 0.45 0.00 0.00

May 12 (27) 49.39 0.82 2.19 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.008

Jun 12  (24) 22.98 7.48 6.04 0.17 0.00 0.00 0.00 0.00 0.003 0.00 0.00

Jul 12   (26) 25.10 19.31 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Aug 12 (28) 1.70 3.15 50.97 0.00 0.00 0.00 0.00 0.09 0.006 0.001 0.00

Sep 12 (23) 26.79 1.40 8.32 1.70 0.00 0.00 0.00 0.00 0.029 0.00 0.00

Oct 12  (15) 16.00 2.73 2.52 3.92 0.00 1.73 0.00 0.00 0.16 0.00 0.039

Nov 12 (18) 1.23 0.00 30.87 0.03 0.00 1.20 0.00 1.05 3.47 0.00 0.00

Dec 12 (23) 0.00 25.79 6.94 3.31 0.00 0.00 0.00 0.00 0.83 0.00 0.00

Mean 
(n=20.9±6.2)

10.02 15.22 11.89 1.16 0.05 0.31 0.01 0.14 0.31 0.000 0.03

* Dominated by Springbok Antidorcas marsupialis, with an average Importance Value of 9.82# Dominated by Vlei rat Otomys auratus, with an average monthly Importance Value of 8.01

Figure 3. The relative Importance Value of the major prey groups in Black-backed jackal scats at Maria Moroka Nature Reserve, September 2011 
to December 2012. 
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Mice (O. auratus 26.67% volume, R. dilectus 3.92%, 
M. albicaudatus 2.08%), springhare and antelope 
(Springbok 22.99%, Blesbok 0.51%) also had the 
highest volumetric contribution (Table 2), with 
carnivores and hares the only other prey groups 
constituting more than 2% to the monthly volume. 
The mean monthly volumetric contribution of fruit 
(1.56%) was much lower than its contribution towards 
percentage occurrence (8.22%, Table 1). A similar 
pattern was observed for the volumetric contribution 
of abiotic items (plastic; monthly average now only 
0.003%) and unidentified items (0.62%). Monthly 
fluctuations in volumetric contribution (Figure 2), 
displayed similar fluctuations to those observed in 
Figure 1 for the main prey groups, as most of these 
items contributed 100% (or close to) of the volume of 
those scats in which they were found. 

Combining the percentage and volumetric 
contributions in scats is a better method to grasp the 
importance of specific prey items for a carnivore 
(Table 3). As such, rodents had the highest mean 
Importance Value (15.22), followed by springhare 
(11.89) and antelope (10.02). Small carnivores 
collectively had a score of slightly more than 1, hares 
and fruit had equal Importance Values (0.31), and 
invertebrates, ground squirrel, unidentified items and 
birds contributed very little to the overall Importance 
Value. Abiotic items (plastic) contributed less than 
0.001 to the total Importance Value. When it comes 
to individual species, springhare had the highest 
mean monthly Importance Value (11.89), followed 
by Springbok (9.82) and Vlei rat (8.01).

Just taking mean monthly Importance Values into 
account may be misleading and can lead to erroneous 
conclusions. Calculating relative Importance Values is 
a good way of investigating the relationships in which 
prey items and groups are ingested relative to each 
other. In this case mice (mainly Vlei rat), springhare 
and antelope (c. 98% of which is Springbok) account 
for almost everything that was ingested (Figure 
3); with the other prey groups contributing only 
sporadically. Fruit, for instance, had a high relative 
Importance Value in November 2012 (c. 8%) and 
carnivores in April, October and December 2012 
(>9%). Significant negative correlations were found 
between antelope and mice Importance Values 
(Spearman R =-0.561, p=0.024), as well as between 
antelope and springhare (R = -0.561; p>0.1). None 
of the other prey groups correlated with each other 
(p>0.3). 

Relationships between Importance Value of prey types
We predicted that the contributions (IV values) 
from the main prey types taken by Black-backed 
jackals would be related to each other, revealing 
the importance of prey switching throughout the 
study period. For all major prey types, i.e. antelope, 
mice, and springhares, the best-supported models 
(lowest AICc scores) included both other prey 

types as contributing parameters (Table 4). Thus, 
where relationships between IV values of two prey 
species were generally negatively correlated, but not 
always significant (p>0.05; see Table 4), the relative 
importance of each item was affected by contributions 
of the other two prey types. In the case of antelope, 
the IV of this prey type decreased significantly with 
increases in the contributions of mice or springhares, 
indicating that Black-backed jackals were switching 
from antelopes to either of the other two prey groups 
at different times of the year. Similar results were 
obtained for the effects of antelope and springhare on 
IV values for mice and for effects of antelope and 
mice on IV values for springhares. Thus, the data 
reveal a complex interaction between the three major 
prey types, which shows a distinct pattern through the 
seasonal cycle: in late spring through early autumn 
(October to March), Black-backed jackals focus 
their feeding activities on mice, but this prey source 
becomes less important after this period, and is largely 
replaced by either antelope (two peaks, between May 
and July, and in September) or springhares (in August 
and November) (Figures 1−3).

DISCUSSION

Scat analyses indicated that the Black-backed jackal 
utilised a wide variety of prey at Maria Moroka 
Nature Reserve. The two rodent groups, namely 
mice and springhares, were not only the most utilised 
prey but they also made the largest volumetric 
contributions to this carnivore’s diet. Here the high 
contribution of Vlei rat stands out, most probably 
a consequence of the landscape being dominated 
by the Moutloatsi Saetlogelo Dam (which is fully 
enclosed by the reserve). The dam and the numerous 
little streams that feed it have a strong influence on 
the vegetation and the associated fauna. Antelope, 
almost exclusively Springbok, were the third most 
important prey group (see also Klare et al. 2010). 
Lesser prey items, such as fruit from the Bloubos 
Diospyros lycioides, were opportunistically utilised 
as it became available (Kamler et al. 2020). The 
presence of all prey items varied significantly over 
specific periods of the year, with their occurrence 
in scats and volumetric contribution to the Black-
backed jackal’s diet changing markedly and by the 
month over time. 

A number of indicators point to the Black-backed 
jackal’s opportunistic feeding behaviour. These 
include the relatively wide diversity of prey taken, 
some in small quantities, and the fact that some 
specific prey items increased in the diet when they 
became more available (Van de Ven et al. 2013, 
Study area, p. 24; both authors pers. obs.). Through 
this opportunistic usage of a large number of other 
prey items in the Reserve, they are expected to play 
an important role in the ecosystem (see Williams et 
al. 2017; Minnie et al. 2018; Tambling et al. 2018; 
Bagniewska & Kamler 2013; Pohl et al. Submitted).
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Table 4. Regression models for relationships between IV (Importance Value) values of the three major prey types used by Black-backed jackals at 
Maria Moroka Nature Reserve through the study period. Best-fit models have the lowest AICc scores. Significant effects (p<0.05) are highlighted 
in bold typeface.

 
Prey Group

 
Model Effects

 
K

 
AICc

 
ΔAICc

Parameter Estimates
mean se T P

Antelope

Model 1 Mouse 4 64.31 0.00 -0.7719 0.2131 -3.622 0.0031
Springhare -0.6496 0.2098 -3.096 0.0085

Model 2 Mouse 5 65.93 1.63 -0.9031 0.3821 -2.363 0.0358
Springhare -0.7183 0.2715 -2.646 0.0213
Mouse x Springhare 0.0139 0.0330 0.420 0.6818

Model 3 Mouse 3 78.74 14.44 -0.5745 0.2583 -2.224 0.0431
Model 4 Springhare 3 84.61 20.30 -0.4221 0.2735 -1.544 0.1450

Mice
Model 1 Antelope 4 62.12 0.00 -0.6508 0.1796 -3.622 0.0031

Springhare -0.5694 0.1988 -2.863 0.0133
Model 2 Antelope 5 63.07 0.96 -0.4597 0.2194 -2.095 0.0580

Springhare -0.4458 0.2540 -1.756 0.1046
Antelope x Springhare -0.0565 0.0500 -1.130 0.2806

Model 3 Antelope 3 74.16 12.04 -0.4546 0.2044 -2.224 0.0431
Model 4 Springhare 3 78.37 16.26 -0.2947 0.2511 -1.174 0.2601

Springhares
Model 1 Antelope 4 64.87 0.00 -0.6258 0.2488 -2.515 0.0272

Mouse -0.6637 0.2553 -2.600 0.0232
Antelope x Mouse -0.0059 0.0253 -0.234 0.8192

Model 2 Antelope 5 67.09 2.22 -0.6533 0.2110 -3.096 0.0085
Mouse -0.6793 0.2372 -2.863 0.0133

Model 3 Antelope 3 81.05 16.18 -0.3446 0.2232 -1.544 0.1450

Model 4 Mouse 3 72.88 8.01 -0.3040 0.2590 -1.174 0.2601

K = number of model parameters; ΔAICc= AICc score of model - lowest ΔAICc; se = standard error of parameter estimate.

Prey switching between mouse, springhare and 
antelope (Springbok) importance in Black−backed 
jackal scats, as well as the diversity of prey consumed, 
confirms the level of this carnivore’s opportunistic 
feeding behaviour at Maria Moroka Nature Reserve. 
The two sudden peaks in the importance of Springbok 
as prey during both Springbok lambing periods, 
together with its gradual decline as the concentration 
of young lambs decrease, is testimony to the fact 
that Black-backed jackal opportunistically feed on 
Springbok (see also Klare et al. 2010). These periods 
closely follow the sheep lambing seasons and the 
time when most lambs are predated on in the central 
and southern Free State Province (Deacon 2010; 
Pohl et al. Submitted; Strauss et al. 2021). It also 
coincides with the times when Black-backed jackal 
has high energy-requirements due to the presence of 
pups and lactating females (September−October), 
and when a large percentage of the pups disperse/
start to fend for themselves (April−May) (Bothma 
1971; Deacon 2010; Minnie et al. 2016; Minnie et al. 
2018). Coincidently, these are also the high risk times 

for sheep farmers, when relatively high densities of 
“easy prey” (lambs) are available (Deacon 2010; Pohl 
et al. Submitted; Strauss et al. 2021; H Grobbelaar 
pers comm. 2014; M Le Roux pers comm. 2015).

Several important observations can be made from 
this nature reserve study, which should be useful 
when considering farm and predator management 
plans, and most effective when used in combination 
with other management strategies (see Du Plessis 
et al. 2018). (1) Black-backed jackal naturally 
feeds opportunistically on what is available. (2) In 
the central and southern Free State, and therefore 
in large parts of central South Africa, the most 
important natural prey items for jackal in the study 
area, apart from Sprinbok lambs, are the rodents mice 
and springhare (see Pohl et al. Submitted). (3) The 
availability of mice is extremely low in the period 
May to c. October/November (see Avenant 2011); 
this is also the time of highest energy requirements 
for Black-backed jackal. (4) Relatively high densities 
of another prey group (in this case springhare) can 
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fill a vital gap in the prey needs of Black-backed 
jackal, especially when the lambs grow bigger (≈ less 
easy to catch). (5) Black-backed jackal have, due to 
their reproductive and dispersal strategies, two main 
periods during which Springbok (and sheep) lambs 
are most vulnerable to predation, viz. September−
October and April−June/July. (6) Not only do these 
periods coincide with the Black-backed jackal’s 
highest energy-need time (September–October), 
the time when their young start to disperse (April–
May), and the two sheep lambing seasons, but are 
also associated with the low density period of their 
main food source, mice (Pohl et al. Submitted). 
(7) In many group-living ungulates, including 
Springbok, keeping the lambing season as short as 
possible (called “clumping”) is a natural survival 
strategy as it improves the survival rate of lambs 
during this critical period (Skinner & Louw 1996); 
farmers should consider applying this strategy by 
coordinating their lambing times (≈ lambing together 
within the shortest period possible), in as large an 
area as possible, to shorten their highest risk period. 
(8) While it may not always be possible to move the 
sheep lambing seasons to earlier or later times, a four 
week (or even shorter) change at the right time of 

year, and especially when in combination with (7) 
above, may have a big impact on Black-backed jackal 
depredation. For example, mouse densities are at the 
highest from c. March to early May and farmers can 
potentially capitalise on this natural Black-backed 
jackal food source by moving the autumn lambing 
season to earlier. Moving the spring lambing season 
later may also have a beneficial impact in that other 
potential prey animals, such as rodents, birds and 
reptile species, start breeding from early spring onwards, 
with densities increasing towards summer, enlarging the 
potential prey base of Black-backed jackals.
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Abstract
Damage causing predators are globally the most common source of human wildlife conflict and involve a broad spectrum of 
taxa. Black-backed jackals are considered damage-causing mesopredators and are perceived to have a considerable effect on 
live-stock production in South Africa. However, information regarding the ecology of black-backed jackals on South African 
farmlands is limited. This study provides additional insight into jackal activity and space use patterns on small stock farmlands. 
A single jackal was collared as part of a larger study investigating the spatial and temporal interactions between caracals 
and jackals on a small stock farming area in the southern Free State, South Africa. The home range was estimated as 45.47 
km2 (95% OUF AKDEc) with a core area of 1.59 km2 (50% OUF AKDEc). Activity varied throughout the night with peaks 
occurring at 01:00, 05:00, and 18:00. The average velocity was estimated at 0.6 ± 1.0 km per hour with a maximum of 5.0 km 
per hour. The mean distance travelled per day was 9.71 ± 2.45 km. The jackal displayed residency behaviour which represents 
an insight into the movements and activity of a territorial male jackal in a farmland environment. Habitat selection analysis 
suggests that the Besemkaree Koppies Shrubland was used for denning while the open Xhariep Karroid Grassland was the 
jackal’s main foraging ground.

KEYWORDS: Black-Backed Jackal; Lupullella mesomelas; Damage causing; Mesopredator; Home range; Activity pattern; 
Territoriality; South Africa.

INTRODUCTION

In South Africa, human-wildlife conflict and the 
attempts to manage such conflict are ubiquitous 
(Stadler 2006). Wild animals regularly damage 
and destroy crops, grazing lands and livestock 
(Woodroffe et al. 2005). Consequently, damage-
causing animals have been subjected to both non-
lethal and lethal control across much of their historic 
range. Large predators have been extirpated from 
farmlands to reduce incidents of predation on stock, 
and to protect people from possible threat (Van Sittert 
1998). The removal of apex predators results in 
cascading effects on animals at lower trophic levels 
(Ritchie & Johnson 2009, Sinclair et al. 2010, Atkins 
et al. 2019). Influences that apex predators have on 
species regulation and habitat structure are pivotal 
in maintaining healthy natural ecosystems (Hayward 
et al. 2019). In the absence of top-down regulation, 
lower-level predators are thought to proliferate 
through a mechanism termed mesopredator release 
(Prugh et al. 2009; Tambling et al. 2018).

The black-backed jackal (Lupulella mesomelas Von 
Schreber 1775) (hereafter jackals) are known to 
prey on livestock and may thus negatively impact 

farmers’ livelihoods. Jackals are mesopredators 
that are widely distributed throughout southern and 
eastern Africa. These predators are natural prey for 
martial eagles Polemaetus bellicosus (Daudin 1800), 
spotted hyenas, Crocuta crocuta (Erxleben 1777), 
leopards, Panthera pardus (Linnaeus 1758), and 
lions Panthera leo (Linnaeus 1758) (Loveridge & 
Nel 2013). In addition, there are several records of 
intraguild interactions between jackals and caracals 
(Caracal caracal Von Schreber 1776) (Melville et al. 
2004; Loveridge & Nel 2013).

In the Free State, predation and disease are 
recognised as having considerable adverse effects 
on production of small stock (Van Niekerk 2010; 
Spies 2011), particularly Merino and Dorper sheep 
(Ovis aries Linnaeus 1758) (Strauss 2009). These 
circumstances are fuelling concerns about the 
future economic viability of small stock farming 
(Van Niekerk 2010; Turpie & Babatopie 2018). 
Furthermore, such sentiment has been exacerbated 
by recent socio-economic changes (Conradie et al. 
2019). The combination of reduced profitability and 
socio-economic uncertainty may, amongst others, 
lead to increased unemployment and higher food 
prices (Knowlton et al. 1999).
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Understanding animal movements is important 
to interpreting spatio-temporal patterns of many 
ecological processes at an individual, population and 
ecosystem level (Schick et al. 2008; Tomkiewicz 
2010). These processes include territoriality and 
home range dynamics, predator-prey dynamics, 
intraguild interactions, habitat selection, disease 
spread and resource use (Gehrt et al. 2009; Broekhuis 
et al. 2013). Animal movement is influenced by both 
intrinsic physiological and extrinsic factors. Many 
demographic parameters, including foraging success, 
breeding success, migration and dispersal, can be 
directly related to patterns of space use (Gurarie et 
al. 2009). Habitat heterogeneity and composition 
affects movement patterns of individuals while they 
search for resources and while they are responding 
to intraspecific and interspecific interactions. 
Behavioural mechanisms that allow animals to exploit 
their temporally variable and spatially heterogeneous 
resources can be determined from the analysis of 
telemetry data (Schick et al. 2008).
There is a paucity of information in the available 
literature regarding jackal spatio-temporal ecology 
in farmland environments (Minnie et al. 2018) as 
the majority of the research, to date, on jackals has 
been carried out within nature reserves (Avenant & 
du Plessis 2008; Du Plessis et al. 2015). To formulate 
effective human–predator conflict management 
strategies there needs to be a fundamental 
understanding of context specific behaviour. This 
note presents a summary of the movement patterns 
of a territorial male jackal in a predominantly small 
stock farming area in the southern Free State.

MATERIALS AND METHODS

Study Area

The study was carried out in the southern Free State 
(30◦30’S, 26◦07’E) within a matrix of predominantly 
small livestock and game farms (Figure 1.). The 
broader area is comprised of a heterogeneous, 
undulating landscape within the Grassland and 
Karoo Biomes (Mucina et al. 2006). Two distinct 
vegetation regions are present in the study area, viz., 
open grassland that spans the majority of the steppe 
(Xhariep Karroid Grassland) and thick shrubland 
covering the slopes and valleys (Besemkaree Koppies 
Shrubland) (Mucina et al. 2006). 

The altitude ranges between 1200 m and 1600 
m above sea level. The area has a yearly average 
temperature of 18 ˚C and is described as a cold semi-
arid climate. Mean minimum and maximum monthly 
temperatures vary between seasons, with extremes 
of -2 and 19˚C in July (winter), and 15 and 33˚C 
in January (summer). The dry season is from May 
to November and the wet summer rainfall season 
extends from December to April, with an average 
annual precipitation of 420 mm. 

Capture and monitoring

From the 15th of May 2019 to the 10th of June 2019, 
padded foot-hold traps (Victor #3 Softcatch, Lititz, 
PA) were deployed by a certified trapper to capture 
jackals. To ensure maximum capture efficiency and to 
minimize stress and possible injuries to the animals, 
traps were checked twice daily, at sunrise and sunset, 
and rebaited when necessary. Upon capture, the jackal 
was anaesthetised using a pole syringe and fitted with 
a GPS collar. The sex, weight, morphometrics and 
body condition were all recorded. The jackal’s age 
was estimated using growth curves derived from body 
mass and morphometric variables (Lombaard 1971). 
Body condition was determined through a physical 
exam onsite by the attending veterinarian. The 
veterinarian also noted health indicators including 
dehydration, parasitic load, scar tissue, tooth wear and 
eruption, and disease symptoms. Once both the collar 
fitment and the health check had been completed, the 
jackal was moved to a recovery cage where it was 
monitored until all signs of narcosis were absent. The 
jackal was then released at the capture site upon the 
veterinarian’s approval. 

A Tellus GPS telemetry/tracking collar (Followit 
AB, Lindesberg, Sweden) was fitted to the captured 
jackal. The collar weighed 240 g conforming to the 
prescribed maximum weight for fitment to research 
animals (Kenward 2000; Sikes 2016). The GPS 
collar included a digital VHF transmitter to allow for 
active tracking and a remote drop-off function so the 
collar can be removed without needing to recapture 
the animal. The collar was programmed to acquire 
locations at 4-hour intervals for six consecutive days 
and then hourly for 24-hours on the seventh day, 
every week. The hourly intervals on the seventh day 
were subsampled to provide a continuous 4-hour 
interval GPS data throughout the study. This sampling 
strategy was chosen to allow for an assessment of 
broad and fine scale movement patterns. 
Capture and handling methods were reviewed and 
approved by the University of South Africa’s Animal 
Research Ethics Committee (application number 
2018/CAES/i16).

Data processing

The data recorded from the GPS collar at each 
positional fix included the date, time, longitude, 
latitude, number of satellites, battery voltage, and 
the horizontal dilution of precision (HDOP). To 
reduce the error in spatial fixes the data were initially 
screened to remove all points that had an HDOP of 
> 2 (Dussault et al. 2001). In addition, the first week 
of data was removed to reduce the possible affect 
that the trapping-collar-release procedure may have 
on behaviour. Displacement velocity and activity 
patterns were calculated from the hourly location 
fixes (Kaunda 2001). Distances travelled per hour 
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was assessed using a one-way ANOVA, Kruskal-
Wallis H (McKnight & Najab 2010). To test between 
the different temporal scales, the days that coincided 
with the hourly fixes were collated and analysed 
separately to those days with 4-hour fixes. The hourly 
fixes were concatenated into four-hour intervals and 
the distance between the start and end points was 
calculated. This facilitated the comparison of the 
linear displacement over four hours to the additive 
effect of analysing hourly movements. 

The home range was calculated at 95% and the 
core area at 50% using the minimum convex 
polygon (MCP) method and area corrected by an 
autocorrelated kernel density estimate (AKDEc) 
(Mohr 1947; Worton 1989; Fleming et al. 2015). The 
AKDEc estimate required selecting an autocorrelated 
movement model prior to bandwidth optimization 
(Flemming & Calabrese 2017). The monthly home 
range analysis excluded October 2019 due to the 
animal being removed on the 9th resulting in a low 
number of positional fixes.

Three continuous-time stochastic candidate 
movement models were considered and selected 
for using Aikake information criterion (AIC) 
(Akaike 1974). The standard model of free 
random movement is based on Brownian motion 
(IID). This model was then adjusted to include 
autocorrelation of time to indicate the animal’s 
home range, Ornstein-Uhlenbeck motion (OU). 
The final model, Ornstein-Uhlenbeck-F (OUF), 
introduced an additional autocorrelation factor to 

account for the animal’s velocity. This OUF model 
described the Brownian motion of the individual 
within a home range with random foraging periods 
(Fleming et al. 2015). 

To assess habitat preference, animal locations within 
the home range generated by 95% OUF AKDEc 
were compared to the availability of different habitat 
types. The habitat type cover was transformed into 
a percentage of available area. A chi-squared test 
was then performed on the expected locations and 
observed locations with the expected locations as the 
number of fixes in proportion to the available habitat 
(Loveridge & Macdonald 2003). 

RESULTS

On the 30th of May 2019 a male jackal was captured 
and monitored for a total of a 133 days until it was 
legally shot by a landowner on the 9th of October 
2019 (Figure 2). 

At capture, the jackal was estimated to be three years 
old, weighed 9.15 kg, and was in good body condition 
at the time of release. A < 5 cm cut was found on the 
trapped foot and treated with a topical wound spray. 
Upon recovery of the animal following its shooting it 
weighed 9.06 kg, suggesting that the animal suffered 
no adverse effects from the satellite collar. The study 
animal and seven pups were culled at its den site. A 
necropsy was performed on the collared jackal to 
determine whether it had preyed on sheep, however 
its stomach was empty.

Figure 1. Location of the study area with farm borders demarcated, c. 20 km north of Bethulie in the southern Free State.
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We recorded 1126 GPS fixes from the collared jackal 
from the 6th June 2019 to the 9th of October 2019. Only 
16 attempts at obtaining a GPS fix were unsuccessful 
resulting in a 98.7% fix acquisition success rate. To 
reduce error, 24 positions which had an HDOP of > 
2 were removed, reducing the sample data to 1102 
locations.

The average distance travelled per month was 278.97 
± 41.36 km (N=4) and ranged between 326.87 km 

in June 2019 and 244.06 km in July 2019. The 
mean distance travelled per day was 9.71 ± 2.45 km 
(N=125). The farthest distance travelled in one day 
was 26.86 km and the shortest was 0.44 km, on the 
21st of September and the 2nd of August respectively. 
The mean distance travelled per day from the hourly 
fixes was 14.28 ± 5.99 km with a range from 4.25 to 
26.86 km. The average velocity was estimated at 0.6 
± 1.0 km/h with a maximum of 5.00 km/h. The time 
of day influenced the activity pattern of the jackal 

 

 

 

Figure 2. Movement pathways of a collared, territorial male jackal in the southern Free State, 
tracked between the 6th of June and the 9th of October 2019. Consecutive locations are joined 
with arrows indicating the directional linear displacement. 
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Figure 3. Estimation of the activity patterns of an adult male black-backed jackal (Lupulella 
mesomelas) on a small stock farming area in the southern Free State between the 6th of June 2019 
and the 9th of October 2019. Activity patterns recorded as total linear distance travelled during 
each hour. 

Figure 2. Movement pathways of a collared, territorial male jackal in the southern Free State, tracked between the 6th of June and the 9th of 
October 2019. Consecutive locations are joined with arrows indicating the directional linear displacement.

Figure 3. Estimation of the activity patterns of an adult male black-backed jackal (Lupulella mesomelas) on a small stock farming area in the 
southern Free State between the 6th of June 2019 and the 9th of October 2019. Activity patterns recorded as total linear distance travelled during 
each hour.
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Figure 4. The area-corrected 95% autocorrelated kernel density estimation (AKDEC) home range of the collared jackal including lower and upper 
confidence limits. GPS data points used for analysis are shown as red dots.

Figure 5. The AKDEc was overlaid onto the two identified habitat types. The GPS data points are shown as black dots. The cluster of locations 
portrays the jackal’s preference for the Besemkaree Koppies shrubland habitat. Data collected on a small stock farming area in the southern Free 
State between the 6th of June 2019 and the 9th of October 2019.
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Table 1. The continuous-time movement models for the area-corrected autocorrelated kernel density estimation (AKDEC), using data collected on 
a small stock farming area in the southern Free State between the 6th of June 2019 and the 9th of October 2019*

Model ΔAICc

OU + foraging (OUF) 0

BM + home range (OU) 10.35

Brownian motion (IID) 1164.20

*The three candidate models are the three models IID, OU and OUF. They are selected for by using the finite 
sample size corrected Akaike information criterion(ΔAICc)

Table 2. Home range and core area of use estimates for a territorial adult male black-backed jackal (Lupulella mesomelas) in a small stock 
farming area in the southern Free State from 6th June to 9th October 2019. 

Month N
95% home range km2 50% home range km2

MCP*1 AKDEc
*2 OUF AKDEc

*3 MCP AKDEc OUF AKDEc

June 218 47.40 61.70 65.39 9.28 11.03 11.48
July 243 32.79 39.16 40.83 1.41 4.13 4.59
August 248 23.43 23.72 27.62 0.19 1.19 1.43
September 324 23.34 21.81 23.30 0.36 1.57 1.59
Total 1102 45.99 43.06 45.47 1.24 2.47 2.57

*1 The minimum convex polygon (MCP)
*2 Area-corrected autocorrelated kernel density estimation (AKDEC)
*3 Autocorrelated kernel density with foraging (OUF AKDEC)

 

with movement peaks during the evening and early 
morning (H = 130.04, df=23, p<0.001) and resting for 
the eight-hour period centralised at midday (Figure 3).

The OUF model provided the best fit model to jackal 
movements using the 4-hour interval data (Table 
1). The weighted OUF AKDEc indicated areas of 
high use with 95% confidence intervals (Figure 4). 
The jackal’s home range across the entire period 
was 45.99 km2 (95% MCP) and the core range 
was 1.24 km2 (50% MCP), with the area-corrected 
autocorrelated kernel density estimate home range 
being 43.06 km2 (95% AKDEc) and the core being 
2.57 km2 (50% AKDEc) (Table 2). The weighted 
OUF estimated the home range at 45.47 km2 (95%) 
and the core at 2.57 km2 (50%) (Table 2). The 
home range contained 30.4 km2 of Xhariep Karroid 
Grassland (66.86%) and 15.07 km2 of Besemkaree 
shrubland (33.14%) (Figure 5). The collared jackal 
was estimated to prefer the Besemkaree shrubland 
(x2= 887.79, P<0.001). This further emphasised 
when looking at the habitat composition relative to 
the study area where the Xhariep Karroid Grassland 
accounts for 91.4km2 (69.3%) while the Besemkaree 
shrubland is only 40.5km2 (30.7%).

DISCUSSION

This home range estimate of 45.47 km2 is consistent 
with those from previous studies, with territory sizes 
ranging from 2.1 km2 to 91.5 km2 (Ferguson et al. 
1983; Kaunda 2001; Kalmer et al. 2012).  Although 
studies on farmlands are limited, Humphries et al. 
(2016) found that the home range of a male jackal in 
the more mesic KwaZulu-Natal was 11.4 ± 4.3 km2.  
This is considerably smaller than the home range 
estimated for this study in the Free State and may 
be explained by differences in hunting pressure, prey 
availability, and varying environmental conditions 
(Kaunda 2001; Minnie et al. 2015).

The jackal in this study was predominantly active 
throughout the night, but it displayed clear peaks in 
activity at 0500 and 1800.  This pattern is consistent 
with jackal living in areas with high levels of human 
persecution (Rowe-Rowe 1982; Ferguson et al. 1988) 
that typifies the study area. This behaviour is also 
exhibited in other wild canids that alter their activity 
on response to hunting pressures. In protected areas 
jackals may be active at any time during the day 
(Kaunda 2000; Humphries et al. 2016, Walton & 



73Indago Vol. 37 (2021)

Joly 2003) or when their prey show peaks in activity 
(Ferguson et al. 1988; Kaunda 2000; Minnie et al. 
2018).

The space use and Utilization Distribution 
demonstrated that the jackal concentrated its 
movements in the shrubland habitat which may 
be linked to denning areas (Kaunda 2001). This 
coincides with low hourly linear spatial displacement 
during the day. Excursions to the grassland habitat 
were typically associated with evening movements 
when activity peaked and hence is more likely 
linked to foraging behaviour. Jackals are known to 
be cursorial hunters (Kok & Nel 2004), and the flat 
open grassland could provide an ideal landscape for 
hunting.

The study period coincided with the August – 
November sheep lambing and jackal pup-rearing 
period in the southern Free State. Farm owners 
generally report peak stock losses during the lambing 
seasons, especially when this coincides with the 
period when jackals have their young (Bingham 
& Purchase 2002; Pohl 2015). The relatively high 
levels of stock predation by jackals, during this 
period, are probably related to the increased energy 
demand linked to pup-rearing especially in the case 
of lactating females, while young lambs are expected 
to be an easier prey than larger sheep. 

The landowners in the study area reported stock losses 
in excess of 100 animals while the collared jackal 
was being monitored. Livestock predation reports 
were requested to contain the date and location of the 
animal carcass, including photographs. However, the 
data generated was haphazard and lacked any spatial 
references. Consequently, it was not possible to 
determine whether the study animal was responsible 
for any of these losses.  Unfortunately, the collared 
jackal was culled prior to the end of the collar’s 

lifespan, due to the perceived damage that it was 
causing to livestock. When the collared individual 
was removed, the den site was also located where 
seven grown pups were found (these animals were 
also culled).

Any inference from this analysis is highly restricted 
due to the single sample and the short monitoring 
period.  However, this evidence is noteworthy 
because information regarding the temporal and 
spatial patterns of black-backed jackals in southern 
Africa is limited, with studies generally being 
restricted to protected areas (du Plessis et al. 2015). 
To better understand the spatial ecology of jackals, 
and their potential impact on small stock farming, 
it is essential that further studies, comprising larger 
samples, over longer periods are conducted. This will 
only be achieved through the collaboration with, and 
the understanding of, farming communities. 
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Abstract
Globally damage causing animals, particularly mesopredators, are subjected to lethal control where they occur on small stock 
farms. This situation prevails in South Africa in relation to Black-backed jackals. However, despite their ubiquity, no attempt 
has been made to develop a repeatable, practical method to estimate Black-backed jackal population sizes. We estimated the 
Black-backed jackal population density on Telperion Nature Reserve in Mpumalanga Province using a combination of camera 
traps and established population estimation models (random encounter model (REM) and generalized random encounter model 
(gREM)) that do not require the individual identification of animals. Furthermore, we attempted to estimate all metrics for 
REM and gRem models exclusively from camera trap data and compared the estimates from these models, generated using 
GPS collar velocity metrics, to those based on home range metrics. We found that density estimates based on camera trap data 
combined with GPS velocity estimates returned the most plausible estimates of Black-backed jackal population. We suggest 
that using the method trialled in this study may present a relatively simple and practical way to estimate Black-backed jackal 
population density. The applicability of this method across a variety of landscapes should be trialled. If proved practicable, it 
would allow for consistent monitoring of Black-backed jackal populations using a repeatable density estimation method and 
may provide a basis for future management.

KEYWORDS: Population density estimation, Black-backed jackal, random encounter model (REM), generalised random 
encounter model (gREM), camera-trap

INTRODUCTION

The continuing growth in the human population is 
putting wildlife habitats under ever-increasing pressure, 
leading to an increase in human wildlife interactions. 
Often these interactions are negative, result in 
conflict, and could ultimately lead to biodiversity loss 
(Crist, Mora & Engelman 2017). These conflicts are 
particularly pronounced in human modified agricultural 
landscapes where damage causing animals have a direct 
impact on human livelihoods (Loveridge & Nel 2004). 
In many cases this conflict is cited as a motivation for 
the lethal control of damage causing animals (Dolbeer 
1998; Inskip and Zimmerman, 2009), such as Black-
backed jackals (Lupulella mesomelas), which can 
legally be done in South Africa (Government Gazette, 
2016). However, lethal control of damage causing 
animals is increasingly in conflict with broader societal 
opinion (Dolbeer 1998; Treves & Naughton-Treves, 
2005, Behrens et al. 2018), and such management has 
contributed to the decline of certain species (Treves & 
Naughton-Treves, 2005). 

Irrespective of the species in question, to implement 
any form of population management, it is imperative 
that wildlife and land managers base their decisions on 
a sound understanding of the status and dynamics of 

the wild animal populations in question (Dolbeer 1998; 
Gaillard, Loison & Toigo, 2003). Unfortunately, in the 
case of many damage causing animals land managers 
/ owners have no idea of their abundance at any given 
point in time. Little is known about either their historic 
or current population trend or dynamics (Minnie et al. 
2018). Furthermore, little effort and minimal resources 
are committed to understanding the population dynamics 
of mesopredators in South Africa (Minnie et al. 2018).  

A variety of techniques are available to land managers 
to monitor wild animal population densities and sizes. 
These methods span the spectrum from direct counts to 
spatially explicit capture recapture methods (Jimenez et 
al. 2017). The identification and implementation of the 
best population density estimation technique requires 
an intimate knowledge of the biology of the species 
in question, especially where management decisions 
are motivated by these estimates. For example, where 
Black-backed jackals have been culled in areas where 
food is not limiting, conspecifics are known to emigrate 
from areas of relatively high density to areas of low 
density, i.e., into those areas where individuals have 
been removed. Furthermore, Black-backed jackals are 
known to increase their rate of reproduction in areas 
where they are actively persecuted (Minnie, Gaylard & 
Kerley 2016).
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Prior to the initiation of a population monitoring 
programme, it is vital that the nature of the results 
required be identified. Broadly, there are two 
approaches to assessing animal abundance, either 
relative abundance or absolute abundance (Gese 
2001; Rowcliffe et al. 2008; Rowcliffe et al. 2011). 
Metrics of relative abundance are easily estimable 
using indices, such as spoor counts (counts of animal 
tracks either along transects or within a prescribed 
area) (e.g., Gusset & Burchener, 2005; Tourenq 
et al. 2005), which result in non-specific estimates 
of whether populations are increasing, decreasing 
or stable. Absolute abundance estimates result in 
projections of specific population densities per unit 
area (Gese 2001). For the purposes of management, 
regular estimates of absolute abundance are preferable 
as they provide specific population density estimates 
rather than simple trends, which may or may not 
relate to population density (Rowcliffe et al. 2008). If 
one aims to manage a population at a specific density 
with a predictable level of impact, it is essential to 
know what the current population density and trend 
is so that management can specify definite levels of 
removal. Indices, however, are useful for management 
purposes only in cases where a correlation between 
the index value and the population density has been 
demonstrated (Gese 2001). 

The estimation of population densities for cryptic 
carnivores is particularly challenging. Typically, 
carnivores are secretive, nocturnal, highly mobile, and 
occur at relatively low densities (Gese 2001). Where 
carnivores have distinctive, individually identifiable 
pelage patterns there are well-established techniques 
(see for example Karanth & Nichols 1998; Maffei et 
al. 2005; Rowcliffe et al. 2008) to overcome many of 
the challenges associated with estimating population 
density. In such cases, modified mark-recapture 
estimators can be employed in association with 
photographic ‘recapture’ analyses. However, these 
approaches are confounded in the case of species, 
such as Black-backed jackal, that are not individually 
identifiable (Rowcliffe et al. 2008). The urgency to 
develop a method of accurately estimating Black-
backed jackal density is amplified as this species is one 
of the primary damage-causing animals associated 
with small stock losses and the consequent reduction 
in profitability of small stock farms (Carruthers & 
Nattrass 2018) in southern Africa. Despite lacking 
population estimates, thousands of Black-backed 
jackals are killed annually (Thorn 2009) on farmlands 
to try and reduce the impact that these animals are 
perceived to have (Du Plessis et al. 2018). 

Over the past decade, substantial advancements have 
been made in the arena of population modelling and 
estimation. Random encounter models (Rowcliffe et 
al. 2008) encompass density estimators that impose 
Brownian motion assumptions on animal populations 
to estimate population density. The benefit of these 
models is that they are not constrained by the 

requirement to identify individual animals within a 
population. These models have been used to estimate 
the population densities of a variety of wild species 
including lions (Panthera leo) (Cusack et al. 2015), 
Grevy’s zebras (Equus grevyi) (Zero et al. 2013) pine 
martens (Martes martes) (Balestrieri et al. 2016), 
and brown hares (Lepus europaeus) (Caravaggi et al. 
2015). Estimating a population density using random 
encounter models require that several variables 
relating to both the detection zone of the camera-
traps and the behaviour of the animals in question are 
included into the population estimation equations. 
Most of the variables (number of detections, 
time intervals, radius of detection zone, angle of 
detections zone, and animal velocity) required for the 
implementation of random encounter models can be 
directly measured or calculated in the field. However, 
the variable that has substantial leverage on the 
calculation of population density, animal velocity, is 
also a variable that is very challenging to estimate 
accurately (Rowcliffe et al. 2012). 

We trialled a field method to estimate all the metrics 
required to calculate Black-backed jackal population 
density applying random encounter model (REM) 
and generalised random encounter model (gREM) 
estimators, exclusively from data gathered using 
camera traps. We then compared those estimates to 
REM and gREM estimates derived using velocity 
values from GPS collared animals from different 
areas. 

STUDY AREA

The Telperion Nature Reserve (Telperion) is a 
privately owned protected area in the Elandsfontein 
municipal district of the Mpumalanga Province, South 
Africa. While the management of Telperion focuses 
on wildlife conservation, surrounding properties are 
managed for the production of cattle (Bos taurus) and 
maize (Zea mays). Telperion is ca. 7350 ha in extent 
(Roux 2018) and located on the eastern extremity 
of the Magaliesberg Mountain Range. The western 
boundary of Telperion is the perennial Wilge River 
(Grobler 1999). The study site co-ordinates are 
25°41’35.20”S and 29° 0’7.01”E.

Telperion lies on the Wilge River, Ecca and 
Dwyka formations of the Waterberg and Karoo 
groups (Grobler 1999). Lithology is dominated by 
Arenite‐Conglomerate, which produces dystrophic 
or mesotrophic red soils. Rocky areas have 
miscellaneous soils (Grobler 1999). The mean 
altitude for the reserve is 1350 m above sea level. 

Summer rainfall ranges from 650 mm to 700 mm 
per annum, peaking in January. The mean minimum 
and maximum temperatures are 7°C and 27°C 
respectively. Frost occurs in winter from May to 
August (Bornman 1995). Telperion is located within 
the Rand Highveld Grassland in the Mesic Highveld 
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Grassland Vegetation type (Rutherford, Bredenkamp 
& Powrie 2006). The extensive grasslands on 
Telperion are interspersed with rocky outcrops, which 
increase the biodiversity of the reserve. Remnants of 
Drakensberg plant communities occur in sheltered 
areas (Magagula 2018). The vegetation of Telperion 
comprises five primary plant communities, comprising 
grasslands, woodlands, shrublands, wetlands and 
riverine associations. We confined our investigation 
to the Eragrostis curvula–Seriphium plumosum mid 
plateau grassland community (hereafter grassland) 
which comprises ca. 58% (4267 ha) of the total area 
of Telperion (Magagula 2018). 

Telperion supports a diverse faunal assemblage 
representative of indigenous animals of the region 
including Black-backed jackals. 

METHODS

From 6 April to 15 June 2017, we deployed 10 
Bushnell Essential EII camera-traps (hereafter 
cameras) at random locations throughout the 
grassland, with a minimum inter-camera distance of 
1 km. The camera specifications indicate that their 
sensors detect movement up to a distance of 20 m 
(https://www.bushnell.com/on/demandware.static/-/
Library-Sites-HuntShootAccessoriesSharedLibrary/
default/dw5ffe5d56/productPdfFiles/bushnellPdf/
Product%20Manuals/Trail-Cameras/PDF/119736C-
trophycam-essential.pdf). The cameras were attached 
to tree trunks at a height of exactly 1.20 m from ground 
level to the centre of the lenses; the minimum height 
that would allow for the capture of photos out to 20 
m due to the grass sward. No attempt was made to 
clear vegetation from the camera detection zones 
and no attractants or lures were used to induce 
animals towards the cameras (Rowcliffe et al. 2008). 
Furthermore, Black-backed jackals are thought to 
avoid novel stimuli (Natrass et al. 2017) and, as 
such, the removal of grass might have reduced the 
number of Black-backed jackal detections because 
of avoidance behaviour. The cameras were not 
specifically located near to known travel corridors, 
tracks or game trails (Rowcliffe et al. 2008). Each 
camera was programmed to capture a 20 second 
video clip when triggered. We programmed 
the cameras with a 30 second latency between 
consecutive triggers. We considered any detections 
of a Black-backed jackal within 30 minutes of an 
initial detection to be the same individual and did not 
include these in our analysis (Meek et al. 2014). We 
assumed that the Black-backed jackal on the study 
site complied to the assumption of closure for the two 
months of the study (Caravaggi et al. 2016). Although 
Rowcliffe et al. (2008) recommend a minimum of 20 
camera locations, we were limited to 10 locations 
on the study site. We deployed the cameras for two 
sessions, session 1 (6 April 2017 to 6 May 2017) and 
session 2 (15 May to 15 June 2017). We excluded 
video clips, for an 11 day period, for one of the 

cameras (camera 5 from 4 June to 15 June) because 
of the mortality of a blue wildebeest (Connochaetes 
taurinus) within the vicinity of the camera and the 
associated potential for confounding the assumption 
of random encounters (Rowcliffe et al. 2008) for that 
camera during that period. Although Black-backed 
jackals may be active throughout the day (Skinner & 
Chimimba 2005), they tend to be more active during 
the crepuscular and nocturnal period (Kaunda 2000, 
Minnie et al. 2018). Reduced activity during daylight 
hours and the resultant reduction in the number of 
detections would substantially reduce our density 
estimates (Rowcliffe et al. 2008), therefore, we have 
limited our analysis to the crepuscular and nocturnal 
period by calculating the mean times of sunrise and 
sunset during the study period (https://www.sunrise-
and-sunset.com/en/sun/south-africa/witbank). We 
assumed that the crepuscular period began an hour 
before sunset and ceased an hour after sunrise (Pratas-
Santiago et al. 2016). Therefore, for the purposes 
of this analysis, the Black-backed jackal activity 
period spanned the 15 hours from 16:30 to 07:30 (the 
sunrise time in Ekurhuleni at this time of year varies 
from 06:27 to 06:51 and sunset varies from 17:18 to 
17:32) (https://www.sunrise-and-sunset.com/en/sun/
south-africa/witbank).
 
We determined the angle of the camera detection zone 
by mounting one of the cameras on a vertical pillar, 
at the centre point of the base of a 20 x 40 m warning 
tape grid, divided into 16 rectangles of 5 x 10 m, that 
we pinned to the ground. This allowed us to measure 
the intersection of the detection zone with known 
distances and angles from the camera lens. Based on 
this, we calculated the angle of the detection zone (41 
degrees, 0.716 radians). We followed Rowcliffe et 
al. (2008) and assumed that all cameras complied to 
the same specifications and there was zero variance 
between cameras. To calibrate the detection zone to 
a known spatial reference, we used video clips of a 
20 x 40 m grid to create a standardised overlay for 
the video clips. This spatial reference allowed us to 
calculate animal velocity from the video clips. We 
constrained any detections to ≤ 20 m from the front of 
the camera, i.e., all detections beyond this maximum 
distance were excluded from our analyses. 

Calculation of velocity from video clips: due to the 
configuration of the overlay, we assumed for each 5 x 10 
m rectangle that an animal could be travelling in one of 
three planes relative to the detection zone, specifically: 
directly across the detection zone (parallel to the 
horizontal plane of the camera lens), perpendicular to 
the detection zone or diagonal relative to the detection 
zone. Therefore, each movement across a quadrant was 
5.0 m, 10.0 m, or 11.2 m (hypotenuse) in length. We 
calculated the total distance moved for each Black-
backed jackal based on the sum of all component 
distances within the camera detection zone. The total 
time that the animal spent within the detection zone, 
i.e., the elapsed time on the video clips was used in each 
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calculation. Consequently, our calculations were in 
metres per second (ms-1), which we converted to metres 
per hour (mh-1) to facilitate population estimation and to 
allow for comparison with GPS collar data.
 
Calculation of velocity from GPS collars: To 
compare population estimates using our camera 
derived velocity to those derived using more 
traditional velocity metrics, we used hourly linear 
displacement values based on data from the Central 
Karoo (Drouilly unpublished) and from Kwa-
Zulu-Natal (Humphries et al. 2016). These values 
represent the linear distances between consecutive 
hourly locations during the nocturnal period (18:00 
to 06:00) using ArcGIS (Environmental Systems 
Research Institute, CA, USA). We only used data for 
the astronomical autumn in the southern hemisphere 
(20 March to 20 June) to ensure that the temporal 
period was the same as that for which our cameras 
were deployed.  

Density calculations: We used the Random 
Encounter Model (REM) (Rowcliffe et al. 2008): 

In this equation, D = estimated density (Nkm-2) (N 
= number of individuals), y = number of contacts or 
detections, t = number of time intervals, v = velocity 
of the animal, r = radius of the detection zone and 
θ = estimated angle of the detection zone from the 
camera in radians. 
We also used the generalised Random Encounter 
Model (gREM) (Lucas et al. 2015):

In this equation, D = estimated density (Nkm-2), 
z = number of contacts or detections, r = radius of 
the detection zone, v = velocity of the animal, and 
t = number of time intervals. We used the bootstrap 
method (Rowcliffe et al. 2008; Jourdain et al. 2020) 
to resample camera locations 10 000 times with 
replacement to calculate the variance of our density 
and abundance estimates. The bootstrapping was 
conducted using Program R (R core team 2021).

In our implementation of these models we made the 
following assumptions: 1) the movements of the 
Black-backed jackals conformed to the “ideal gas” 
model (animal movements are independent, equally 
likely in all directions, at speeds that conform to a 
“Maxwell-Boltzmann” distribution) (Hutchinson 
& Waser 2007), 2) each camera detection was an 
independent event, 3) the Black-backed jackal 
population at the time of survey was closed, and 4) 
the area within which the population occurred was 
homogeneous (Rowcliffe et al. 2008). Random 
encounter models require that where population 
estimates are calculated for animals that occur in 

groups, the density estimate should be multiplied 
by the mean group size (Rowcliffe et al. 2008). We, 
therefore, present estimates for single individuals and 
mated pairs. 

We used our detection data to calculate a detection 
index (detections per 100 camera nights). We also 
compared our REM and gREM density estimates to 
density calculations (Nkm-2) based on the home range 
estimates (minimum convex polygon method) for 
Black-backed jackal mated pairs in a similar habitat 
type on the Suikerbosrand Nature Reserve, Gauteng 
province (Ferguson, Nel & De Wet 1983). 

Ethical clearance for this research was granted by 
the Unisa College of Agriculture and Environmental 
Sciences Research Ethics Committee, under the 
reference number: 2017/CAES/020.

RESULTS

We deployed 10 Bushnell Essential E2 trail cameras 
for a total of 589 camera nights from 6 April to 15 
June 2017. The deployment period varied from 
49 to 60 nights (mean = 58.9), for the entire study, 
300 camera nights (6 April to 6 May 2017) (mean 
= 30), and 289 camera nights (16 May to 15 June 
2017) (mean = 28.9). We recorded a total of 47 (mean 
= 4.7) (April / May = 14; May / June 33) discrete 
Black-backed jackal detections during our study, 
of which 39 detections fell within the crepuscular 
and nocturnal period. We omitted 17% (8) of the 
Black-backed jackal detections as they either fell 
beyond the detection zone of the cameras or they 
were recorded outside the crepuscular and nocturnal 
period. Two Black-backed jackal detections were 
omitted as they were recorded beyond the 20 m 
maximum detection zone specified for the cameras. 
We omitted a further six detections (one in the April 
/ May session and five in the May / June session) as 
they were recorded outside of the prescribed activity 
period. The detection rate for the entire period was 
0.07 detections per camera night. For the April / 
May period the detection rate was 0.04 detections 
per camera night and in the May / June period the 
detection rate was 0.10 detections per camera night. 
The mean number of detections per camera for the 
entire period was 3.9 (± 2.7). In the April / May 
period the mean number of detections per camera 
was 1.1 (± 2.9) detections per camera. In the May 
/ June period the mean number of detections per 
camera was higher at 2.8 (± 1.9) detections per 
camera. Of the 39 Black-backed jackal video clips, 
22 were useable for the purposes of calculating 
animal velocity. The movement rates of the Black-
backed jackals on Telperion, as calculated from 
our camera grids, varied ~300-fold with the mean 
velocity calculated as 5544 ±3381.1 mh-1 (Table 1). 

Our Black-backed jackal density estimates 
were highly variable (Table 2) dependent on 
the velocity metric used. Our estimated density 
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of Black-backed jackals for the entire period 
varied from 0.02 individuals km-2 (using the 
gREM density estimator and our camera velocity 
estimate) to 1.20 individuals km-2 (using the 
REM population estimator and GPS collar 
velocity estimates from Humphries et al. (2016)) 
for mated pairs of Black-backed jackal (Table 2). 
These density estimates translate to estimated 
abundances of 1 and 50 Black-backed jackals in 
the study habitat using the gREM (and camera 
velocity estimates) and REM (and Humphries 
et al. 2016 GPS collar velocity estimates) 
procedures, respectively. Our estimated density 
of Black-backed jackals for the April / May 
period varied from 0.01 individuals km-2 (using 
the gREM density estimator and our camera 
velocity estimate) to 0.66 individual km-2 (using 
the REM population estimator and Humphries et 
al. 2016 GPS collar velocity estimates) (Table 
2). These density estimates translate to estimated 
abundances of 1 to 28 Black-backed jackals in 
the Eragrostis curvula–Seriphium plumosum 
mid plateau grassland community (Table 2). Our 
estimated density of Black-backed jackals for the 
May / June period varied from 0.031 individuals 
km-2 (using the gREM density estimator and our 
camera velocity estimate) to 1.73 individuals 
km-2 (using the REM population estimator and 
Humphries et al. 2016 GPS collar velocity 
estimates) (Table 2). These density estimates 
translate to estimated abundances of 1 to 74 
Black-backed jackals in the Eragrostis curvula–
Seriphium plumosum mid plateau grassland 
community (Table 2). The gREM procedure 
generated density and population estimates that 
varied between approximately 32% and 44% of 
the magnitude of those calculated using REM 
(Rowcliffe et al. 2008). The population estimates 
varied depending on which estimation technique 
was employed and in relation to the estimated 
mean group size (Table 2).

Our population density estimates using gREM 
and REM are similar to those that we calculated 

using the smallest home range estimates from the 
Suikerbosrand Nature Reserve (Ferguson et al. 1983) 
(Table 3). However, our estimates are substantially 
higher than those estimated using mean or maximum 
home range estimates from the Suikerbosrand Nature 
Reserve (Ferguson et al. 1983) (Table 3). 

DISCUSSION

Accurate and robust estimates of Black-backed 
jackal population density are lacking in the scientific 
literature (Minnie et al. 2018; Minnie, Gaylard & 
Kerley 2016). We aimed to determine whether it 
would be possible to use REM and gREM estimators, 
in conjunction with commercially available cameras, 
to develop a repeatable method for monitoring of 
Black-backed jackal population densities on wildlife 
reserves, with the intention of possibly using such 
a method, once validated, on a wide variety of 
landscapes and land management regimes (potentially 
including stock farming enterprises). 

We found that it was possible, theoretically, to derive 
all the metrics (animal velocity, radius of the detection 
zone and angle of detection zone) required for the 
calculation of population estimates using REM and 
gREM from commercially available cameras. The 
velocities that we have estimated using our camera 
estimation method were an order of magnitude higher 
than those based on hourly GPS collar locations 
from the Karoo and Kwa-Zulu/Natal (Table 2), but 
comparable to the maximum distance (3 000 m) 
travelled in one hour reported in Botswana (Kaunda 
2001a). When movement rates are determined based 
on hourly GPS locations, the assumption is that the 
individual animals move in straight lines between 
consecutive positions. Animal movements are rarely 
linear for an entire hour, and there is reason to believe 
that hourly GPS locations underestimate movement 
rates (Musiani, Okarma & Jedrzejewski 1998). 
However, Black-backed jackals exhibit an aversion 
of novel stimuli (Kaunda 2001b; Natrass et al. 2017) 
so it is possible that Black-backed jackal movement 
rates were over-estimated with our cameras. 

Velocity (mh-1)
Source Maximum Minumum Mean SD n
Natal1 4192.5 0.2 431.5 286.5 162
Karoo2 4747.3 0.9 501.8 309.4 68
Telperion3 11988.0 36.0 5545.0 3381.1 22
All velocity values are only for the nocturnal period (18h00 to 06h00)
1Data from Humphries et al. (2016) - these data are based on linear displacement between hourly GPS 
Locations
2Drouilly Personal communication (2019) - these data are based on linear displacement between hourly 
GPS locations
3These data are from estimates of Black-backed jackals’ movements through spatially rectified camera 
detection zones

Table 1: Velocity of Black-backed jackal (Lupulella mesomelas) movements on Telperion Nature Reserve from April to June 2017



82 Melville & Strauss —  Camera traps for estimating jackal density

Pe
ri

od
Va

ri
ab

le
s

R
EM

gR
EM

So
ur

ce
 o

f 
ve

lo
ci

ty
 d

at
a

Y
T

Pi
V

 
(k

m
h-1

)
R

2 
+ 

th
et

a
G

ro
up

 
si

ze
D

en
si

ty
 

D
en

si
ty

n
n

D
en

si
ty

 
D

en
si

ty
n

n
(n

km
-2

)
95

%
 C

I
95

%
 C

I
(n

km
-2

)
95

%
 C

I
95

%
 C

I
Fu

ll 
du

ra
tio

n
Te

lp
er

io
n1

39
88

35
3.

14
5.

04
0.

04
2.

71
1

0.
05

[0
.0

1 
to

 0
.1

3]
2.

16
[0

.2
8 

to
 5

.3
8]

0.
02

[0
.0

0 
to

 0
.0

5]
0.

93
[0

.1
2 

to
 2

.3
2]

K
ar

oo
2

39
88

35
3.

14
0.

50
0.

04
2.

71
1

0.
51

[0
.0

7 
to

 1
.2

7]
21

.7
1

[2
.7

8 
to

 5
3.

99
]

0.
22

[0
.0

3 
to

 0
.5

5]
9.

38
[1

.2
0 

to
 2

3.
33

]
N

at
al

3
39

88
35

3.
14

0.
43

0.
04

2.
71

1
0.

59
[0

.0
8 

to
 1

.4
7]

25
.2

3
[3

.2
3 

to
 6

2.
74

]
0.

26
[0

.0
3 

to
 0

.6
4]

10
.9

[1
.3

9 
to

 2
7.

11
]

Te
lp

er
io

n1
39

88
35

3.
14

5.
04

0.
04

2.
71

2
0.

10
[0

.0
1 

to
 0

.2
5]

4.
33

[0
.5

4 
to

 1
0.

76
]

0.
04

[0
.0

1 
to

 0
.1

1]
1.

87
[0

.2
4 

to
 4

.6
5]

K
ar

oo
2

39
88

35
3.

14
0.

50
0.

04
2.

71
2

1.
02

[0
.1

3 
to

 2
.5

3]
43

.4
2

[5
.6

57
 to

 1
07

.9
9]

0.
44

[0
.0

6 
to

 1
.0

9]
18

.7
6

[2
.4

1 
to

 4
6.

66
]

N
at

al
3

39
88

35
3.

14
0.

43
0.

04
2.

71
2

1.
20

[0
.1

5 
to

 2
.9

4]
50

.4
5

[6
.4

7 
to

 1
25

.5
9]

0.
51

[0
.0

7 
to

 1
.2

7]
21

.8
0

[2
.8

0 
to

 5
4.

22
]

Ap
ril

 / 
M

ay
 

Te
lp

er
io

n1
11

45
00

3.
14

5.
04

0.
04

2.
71

1
0.

03
[0

 to
 0

.0
7]

1.
2

[0
 to

 3
.1

6]
0.

01
[0

.0
0 

to
 0

.0
3]

0.
52

[0
.0

0 
to

 1
.3

6]
K

ar
oo

2
11

45
00

3.
14

0.
50

0.
04

2.
71

1
0.

29
[0

 to
 0

.7
4]

12
.0

2
[0

 to
 3

1.
69

]
0.

12
[0

.0
0 

to
 0

.3
2]

5.
19

[0
.0

0 
to

 1
3.

69
]

N
at

al
3

11
45

00
3.

14
0.

43
0.

04
2.

71
1

0.
33

[0
 to

 0
.8

6]
13

.9
7

[0
 to

 3
6.

83
]

0.
14

[0
.0

0 
to

 0
.3

7]
6.

04
[0

.0
0 

to
 1

5.
91

]

Te
lp

er
io

n1
11

45
00

3.
14

5.
04

0.
04

2.
71

2
0.

06
[0

 to
 0

.1
5]

2.
40

[0
 to

 6
.3

1]
0.

02
[0

.0
0 

to
 0

.0
6]

1.
04

[0
.0

0 
to

 2
.7

3]
K

ar
oo

2
11

45
00

3.
14

0.
50

0.
04

2.
71

2
0.

56
[0

 to
 1

.4
9]

24
.0

4
[0

 to
 6

3.
39

]
0.

24
[0

.0
0 

to
 0

.6
4]

10
.3

9
[0

.0
0 

to
 2

7.
39

]
N

at
al

 
11

45
00

3.
14

0.
43

0.
04

2.
71

2
0.

66
[0

 to
 1

.7
3]

27
.9

4
[0

 to
 7

3.
66

]
0.

28
[0

.0
0 

to
 0

.7
5]

12
.0

7
[0

.0
0 

to
 3

1.
83

]

M
ay

 / 
Ju

ne
 

Te
lp

er
io

n1
28

43
35

3.
14

5.
04

0.
04

2.
71

1
0.

07
[0

.0
1 

to
 0

.1
8]

3.
16

[0
.3

4 
to

 7
.5

6]
0.

03
[0

.0
0 

to
 0

.0
8]

1.
37

[0
.1

5 
to

 3
.2

2]
K

ar
oo

2
28

43
35

3.
14

0.
50

0.
04

2.
71

1
0.

74
[0

.0
8 

to
 1

.7
8]

31
.7

7
[3

.4
5 

to
 7

5.
93

]
0.

32
[0

.0
3 

to
 0

.7
6]

13
.7

3
[1

.4
7 

to
 3

2.
35

]
N

at
al

3
28

43
35

3.
14

0.
43

0.
04

2.
71

1
0.

87
[0

.1
0 

to
 2

.0
7]

36
.9

1
[4

.0
1 

to
 8

8.
23

]
0.

37
[0

.0
4 

to
 0

.8
8]

15
.9

5
[1

.7
1 

to
 3

7.
60

]

Te
lp

er
io

n1
28

43
35

3.
14

5.
04

0.
04

2.
71

2
0.

15
[0

.0
2 

to
 0

.3
5]

6.
33

[0
.6

9 
to

 1
5.

13
]

0.
06

[0
.0

1 
to

 0
.1

5]
2.

73
[0

.2
9 

to
 6

.4
5]

K
ar

oo
2

28
43

35
3.

14
0.

50
0.

04
2.

71
2

1.
49

[0
.1

6 
to

 3
.5

6]
63

.5
3

[6
.9

0 
to

 1
51

.8
5]

0.
64

[0
.0

7 
to

 1
.5

1]
27

.4
5

[2
.9

4 
to

 6
4.

71
]

N
at

al
3

28
43

35
3.

14
0.

43
0.

04
2.

71
2

1.
73

[0
.1

9 
to

 4
.1

4]
73

.8
3

[8
.0

2 
to

 1
76

.4
6]

0.
75

[0
.0

8 
to

 1
.7

6]
31

.9
0

[3
.4

2 
to

 7
5.

19
]

1 U
sin

g 
ca

m
er

a 
tr

ap
 e

st
im

at
ed

 v
el

oc
ity

 o
n 

Te
lp

er
io

n
2 D

ro
ui

lly
 u

np
ub

lis
he

d 
G

PS
 co

lla
r d

at
a 

- p
er

s. 
C

om
m

.
3 H

um
ph

rie
s e

t a
l. 

20
16

 G
PS

 co
lla

r d
at

a
Y 

= 
nu

m
be

r o
f d

et
ec

tio
ns

 o
r s

pe
ed

 e
st

im
at

es
T 

= 
N

um
be

r o
f h

ou
rs

 to
ta

l
Pi

 =
 co

ns
ta

nt
 

V
= 

es
tim

at
ed

 v
el

oc
ity

 in
 k

m
h-1

R 
= 

ra
di

us
 o

f d
et

ec
tio

n 
zo

ne
  (

40
m

)
th

et
a 

= 
ba

se
 a

ng
le

 o
f d

et
ec

tio
n 

zo
ne

 in
 ra

di
an

s
RE

M
 - 

Ra
nd

om
 e

nc
ou

nt
er

 m
od

el
 a

s f
or

m
ul

at
ed

 b
y 

Ro
w

cl
iff

e 
et

 a
l. 

 (2
00

8)
gR

EM
 - 

ge
ne

ra
lis

ed
 R

an
do

n 
en

co
un

te
r m

od
el

 a
s f

or
m

ul
at

ed
 b

y 
Lu

ca
s e

t a
l. 

(2
01

5)
 

95
%

 C
I e

st
im

at
ed

 u
sin

g 
bo

ot
st

ra
p 

m
et

ho
d 

(R
ow

cl
iff

e 
et

 a
l. 

 2
00

8)

Ta
bl

e 
2:

 D
en

si
ty

 e
st

im
at

es
 fo

r B
la

ck
-b

ac
ke

d 
ja

ck
al

s 
(L

up
ul

el
la

 m
es

om
el

as
) i

n 
th

e 
gr

as
sl

an
d 

ha
bi

ta
t o

n 
Te

lp
er

io
n 

N
at

ur
e 

R
es

er
ve

 fr
om

 A
pr

il 
to

 J
un

e 
20

17



83Indago Vol. 37 (2021)

Home range 
estimate 

Home range 
km2

Density
nkm-2

Population estimate
for Telperion (individual) 

Population estimate
for Telperion (mated pair) 

Minimum 1.9 0.50 21.34 42.67
Mean 24.8 0.04 1.71 3.42
Maximum 91.5 0.01 0.43 0.86
The study habitat is approximately 42.67 km2 

Based on home range sizes estimated by Ferguson et al. 1983 for Suikerbosrand Nature Reserve 
in the Transvaal with all home ranges being exclusive.

Table 3: Population estimates for Black-backed jackals (Lupulella mesomelas) in the grassland habitat on Telperion Nature Reserve, from April 
to June 2017, based on home range estimates, using the minimum convex polygon method, from a previous study in asimilar habitat

The REM and gREM techniques were developed using 
linear displacement values rather than instantaneous 
velocity values (Rowcliffe et al. 2008; Lucas et 
al. 2015). Our camera-based velocity estimates 
were derived from 20 second video clips and we 
used simple multiplication of these ‘instantaneous’ 
velocity values to derive hourly velocities. Our 
camera velocity estimates assumed that the Black-
backed jackals moved at a constant rate and did not 
account for periods when the Black-backed jackals 
might have been stationary or at rest. Our velocity 
values were distinct from those that were used to 
develop the density estimators. Linear displacement 
values determined from consecutive hourly locations 
from GPS collars more closely replicate the scale of 
movement used to derive the population estimators 
(Rowcliffe et al. 2008). Hourly GPS collar locations 
define a start and end point of an animal’s movements 
within an hour (inclusive of rest periods) and are 
indicative of the minimum distance moved by an 
individual within that period. A consequence of 
the variation in velocity values was that population 
estimates derived using the GPS collar velocities 
from the Karoo and Kwa-Zulu/Natal were an order 
of magnitude higher than those derived using our 
camera-based instantaneous velocities (Table 2).

We confined our investigation to the predominant 
grassland vegetation type on Telperion, i.e., the 
Eragrostis curvula–Seriphium plumosum mid 
plateau grassland community (Magagula 2018). The 
REM (Rowcliffe et al. 2008) and gREM (Lucas et 
al. 2015) estimators require that each homogeneous 
habitat type be assessed individually and that separate 
component population density estimates be calculated 
for each habitat. The practical implication of this 
is that more cameras would be required to assess 
each vegetation type individually. This requirement 
would increase not only the cost, but also the time 
and effort required to deploy and maintain the camera 
arrays, and to accumulate data from which to derive 
population density estimates. In addition, certain 
vegetation types might require longer deployment 
of the cameras to record the minimum number of 
10 (preferably 20) detections (Rowcliffe et al. 2008) 

from which to derive population density estimates. 
In extreme cases, Black-backed jackals might avoid 
certain vegetation types completely and one might 
never achieve the minimum number of detections 
from which to derive a population density estimate 
for that component. Given that the aim of this study 
was to determine whether it would be possible to 
develop a method to estimate the population density 
of Black-backed jackals on a broad spectrum, we 
suggest that it may be reasonable to consider a 
single property / wildlife ranch (that is limited to a 
single broad vegetation type) as a homogeneous unit. 
However, it would be necessary to confirm this by 
implementing a more comprehensive investigation 
in which estimates for all component habitats / 
vegetation types are included.  

The estimation of population density for wild 
canids remains one of the challenges in wildlife 
management because many of these species are 
cryptic, nocturnal, occur in low densities, have 
relatively large home ranges, and, in many cases, 
avoid contact with humans (Roffler et al. 2019). 
The use of spatially explicit capture-recapture 
models in conjunction with genetic identification of 
individuals (using genetic material gathered by any 
one of several methods) (Roffler et al. 2019), allows 
for accurate estimation of wild canid populations. 
However, this approach is most likely unfeasible 
for most land managers, in terms of practicality, 
time and cost. Nevertheless, there may be value in 
conducting this type of investigation in parallel with 
a comprehensive implementation of the REM and 
gREM approaches with the intention of comparing 
the results. Irrespective of approach used, it remains 
challenging to validate Black-backed jackal 
population density estimates or indices because that 
requires methods to be applied in areas where the 
Black-backed jackal population could be accurately 
enumerated (Balme, Hunter & Slotow 2009). 

While our density estimates using home range data 
(Ferguson, Nel & De Wet 1983) from a similar 
area seemed to generate realistic estimates of the 
possible Black-backed jackal population density for 
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the grassland on Telperion (21 or 43 individuals) 
(Table 3) using the minimum home-range size, 
this estimate was based on old data and simplistic 
(minimum area method) home range analysis. 
Our estimated density index of 0.07 detections per 
camera night, within the grassland on Telperion, 
might give an indication of population trend if 
the same method were to be repeated iteratively, 
however it does not give an intuitive feel for the 
actual population density, especially when the crude 
value is considered in isolation. Furthermore, such 
indices are influenced substantially by variability in 
detection probabilities relative to the local species 
density, behaviour patterns of individuals, sampling 
efficiency and vegetation structure (Gu & Swihart 
2004). To develop meaningful management goals, 
using such an index, would require that the index 
be demonstrated to correlate directly to the density 
of Black-backed jackals in the study site (Balme, 
Hunter & Slotow 2009). 

The gREM estimates of Black-backed jackal 
population density returned values approximately 
43% of our REM estimates. Our REM estimates of 
43 to 50 individuals (based on all individuals being 
members of mated pairs) (Table 2), using GPS collar 
movement rates, seemed to be a realistic estimate of 
the likely Black-backed jackal population based on 
our experience of the study site. We suspect that the 
true population of Black-backed jackals on Telperion 
lies between the gREM (~ 10) and the REM (~50) 
estimates, although this might be an underestimate of 
the population because vegetation within the cameras’ 
detection zones may have obscured some Black-backed 
jackals and consequently lead to missed detections 
of them. We acknowledge that our results are highly 
variable, this is probably a consequence of the low 
number of camera locations that we used. Therefore, 
we emphasise the necessity to make provision for 
at least 20 camera locations, as recommended by 
Rowcliffe et al (2008), to estimate population density 
using random encounter approaches. Future attempts 
to validate this approach for the estimation of Black-
backed jackal population density will need to take this, 
and the assumption of population closure, into account. 

A contingency that we did not build into our 
population estimates was that mated pairs of jackals 
may cohabit in their territories with up to six offspring 
(Jenner, Goombridge & Funk 2011). Our estimates 
assume that mated pairs of jackals occupy exclusive 
territories. As the REM model estimates scale with 
group size (Rowcliffe et al. 2008), a population of 
Black-backed jackal in which young of the previous 
year consistently remained resident within their natal 
territory would be underestimated should the local 
group size simply be assumed as two (mated pairs).    

The motivation behind this study was to determine 
whether it would be viable to use commercially 

available cameras to estimate Black-backed jackal 
population density. Despite the limitations of our 
study, which we acknowledge, we suggest that it 
is possible to use the method that we have outlined 
here to derive, repeatable estimates of Black-backed 
jackal population densities, within the grassland 
on Telperion Nature Reserve and probably in 
conservation areas that comprise similar, relatively 
open grassland habitats, provided that the same 
camera locations and settings are maintained during 
each deployment. For management purposes, the 
ability to derive population density estimates, 
using repeatable methods such as the one that 
we have trialled here, may be an important step 
towards gaining an insight into Black-backed jackal 
population density variability.  

The method described herein could possibly be 
applied relatively cheaply (ca. R 40 000.00 / US$ 3 
000.00 to capitalise 10 camera traps and batteries), 
to estimate Black-backed jackal population densities 
across a wide variety of land types and management 
zones (after being validated for each habitat type). 
It is not necessary to use 10 cameras to apply these 
population estimation techniques, it is valid to move 
the cameras to different locations (the recommended 
minimum number of locations is 20) (Rowcliffe et 
al. 2008). A further criterion is that there needs to 
be a minimum of 10 detections of Black-backed 
jackals for the estimators to generate reliable results 
(Rowcliffe et al. 2008). The process of validating 
such Black-backed jackal population density 
estimation techniques for a variety of habitat types 
and land uses would be an important next step in 
developing a mechanism to monitor Black-backed 
jackal population dynamics. Should such methods 
be proven reliable, robust and repeatable, it would 
enable land managers to develop property-specific 
estimates of Black-backed jackal populations and 
to track the trajectories thereof over several years. 
This practice would either corroborate or refute the 
contention that Black-backed jackal populations 
are increasing. Furthermore, it would improve our 
knowledge of the populations of Black-backed 
jackals in South Africa and would put us in a 
better position to implement suitable management 
strategies.
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